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Annealing Malleable Iron Castings. 


In our last issue we published in abstract a Paper 
recently presented by Mr. W- P. Putnam before the 
Detroit Foundrymen’s Association, in which the 
author dealt with the effects of temperature and 
length of heating on malleable castings. A num- 
ber of castings, it will be remembered, of the 
same composition, were sent to different foundries 
to anneal, and the results showed considerable varia- 
tions, resulting from variations in the snmuiing 
temperature and the time of annealing. The actua 
effect of annealing _ been the matter of consider- 
able controversy in, the past, some claiming that the 
malleable properties of the finished casting resulted 
from the extraction of a. certain peeveninge of the 
carbon, and others that it’ was caused solely by a 
change in the nature of the carbon. Undoubtedly, 
in the Reaumur process (the usual English poooticey 
employing irons comparatively high in sulphur, the 
elimination of the carbon is more pronounced than in 
the case of American practice, where low-sulphur 
irons are used, and the product is known as “ black- 
heart’? mailleable cast iron. But the great essential 
is the reduction of the carbides in the casting to free 
iron and free carbon, the latter existing in a more 
finely-divided state than is the case with ordinary 
grey-iron castings: In the case of the samples 
above mentioned, it may be taken that they 
were of the “ black-heart ” variety, in the production 
of which the practice is to anneal in mill scale or 
slag. In this process the effect of the annealing is 
not so much to eliminate the carbon as to precipitate 
the combined carbon as finely-divided amorphous 
graphitic carbon. ‘The results quoted, however, 
indicate a more or less considerable loss of carbon, 
for the analysis of the unannealed bars showed 
C.C. 2.70 per cent., while the finished castings 
contained total carbon (practically all in the 
graphitic state) in no case up to 2.0 per cent. But 
as regards the conclusions drawn by the author, it 
is difficult to see how these were arrived’ at. He 
states first that “in each case under too high tem- 
perature or a long period of annealing, the carbon 
was nearly all removed. Either practice is wasteful 
and produces poor malleables for some purposes.” 
The highest temperature given in the table was 
2,200 deg. F., and the casting showed G.C. 0.40 
and 0.C. trace; but it had a tensile strength of 
50,849 tons, or the highest of the specimens quoted, 
and elastic limit 41,792 tons, which was again the 
highest figure quoted. The author claims that to 
heat the castings much above the proper annealing 
temperature for a long period is unnecessary, is 
wasteful of fuel, and produces poor castings for some 
purposes, and he shows in the diagram of proper 
finishing temperatures about 1,570 deg. F. as the 
correct finishiig temperature for castings with 
2.70 per cent. carbon. But among the samples for 
which full particulars are quoted, the one which gave 
the best results was annealed at 2,200 deg. F. for 
96. hours, and lost 2.30 per cent. carbon, while 
another specimen annealed at 1,650 deg. F. for 208 
hours lost 1.90 per cent. carbon, and gave the next 
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best tensile test result. The sample which was 
annealed at 1,620 deg. F. (or within 50 deg. of the 
“ proper finishing temperature ”) for 101 hours gave 
the poorest test results. It would appear, then, that a 
high temperature for a comparatively short riod is 
better than a low temperature for only a slightly longer 
period, for while in the case of the low-temperature 
sample quoted the carbon was all in the graphitic 
state, annealing had, apparently, not been carried 
to the ful} extent: But in order to strictly compare 
the results obtained, it is first necessary to know 
what the annealing temperatures quoted actually 
represent. Were they the ultimate heats attained 
in the ovens, the finishing temperatures of the actual 
castings, or the average heat of the castings through- 
out the annealing process? Presumably, the heat 
of the oven is given, but this must not be taken as 
the heat of the castings; for, as shown by the second 
diagram in Mr. Putman’s article, the temperature 
of the casting remains from 50 to 150 deg. below 
the oven heat. During the process, the fluctuations 
of furnace temperature either way are only partially 
reflected in the temperature of the castings, and an 
oven temperature of 1,620 would probably mean that 
the sample was most of the time below 1,570 deg. F. 
Since the carbon forms into graphite at 1,475 deg. 
F., that change would take place, but the necessary 
heat to complete the process would probably not be 
attained for any considerable time. Where the same 
temperature was employed, but the casting was an- 
nealed for 208 hours, the tensile test results were 
high, accompanied by a material reduction in the 
carbon content. So far, then, as it is safe to base 
conclusions on these few tests, it may be deduced 
that while fuel wastage may result from high tem- 
peratures, unless full time is allowed for the process 
at a lower temperature, it is better to maintain the 
heat of the oven above the nominally correct point. 
The reduction in the carbon content, too, seems to 
be closely associated with increased strength, but 
the condition of the graphite is, of course, the 
primary question. 


Vanadium in Cast Iron. 


A feature of last month’s meeting of the Iron 
and Steel Institute was the number of papers dealing 
with the effects of special constituents in iron and 
steel, and not the least interesting was Mr. W. H. 
Hatfield’s contribution, on “ The Influence of Vana- 
dium upon the Physical Properties of Cast Irons,” 
which is dealt with on page 316 of this issue. There 
are many foundrynien who regard the addition of 
special elements to cast iron, for the purpose of 
cleansing the metal and increasing its strength, etc., 
as so much “ physicking,” and accordingly class it 
as unnecessary where mixing and melting are pro- 
perly carried out; but, nevertheless, more than 
academic interest surrounds any means whereby the 
properties of cast iron may be raised above the 
normal. Vanadium, of course, is no new addition to 
the founders’ “ medicine chest ;” for some years now 
it has been more or less extensively used in America 
for both iron and steel, and lately it has also enjoyed 
increased use in this country. From the results which 
have at times heen quoted for vanadium irons, it 
would appear to give at least considerably increased 
resistance to abrasion. Opinion is divided as to 
whether it acts as a scavenger, cleaning out the 
oxygen and nitrogen from the metal, but that it im- 
parts additional strength is now beyond dispute. The 
really important point, however, was that raised by 
Mr. J. E. Stead; who questioned whether other sub- 
stances such as manganese, could not be made to 
give the same results, while being at the same time 
much cheaper. Without any dowht. there is yet a 
wide field unexplored in the art of alloying iron, and 
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while experimenters have revealed many possibilities 
regarding the use of special constituents, it would be 
presumptious to suppose that there are not wider 
fields practically untouched. There is, certainly, a 
good deal to be said for the contentions of those who 
consider that given good iron (for example, cold-blast 
pig) good results may be obtained by a judicious 
mixture without the use of vanadium and similar 
elements. At the same time it need not be impressed 
upon any foundryman that to employ first-class iron 
of this nature may prove more expensive than adding 
special constituents. The promiscuous use of the 
* medicine chest” is not to be recommended under 
any circumstances, for not only are doctors’ bills a 
heavy item as compared with healthy exercise in the 
shape of intelligent and proper mixing and melting 
(and there are some who are inclined to introduce 
a scavenger into the metal to do the work of the 
furnace man), but at times most unexpected and un- 
desirable results are obtained, which fact again 
exemplifies the “importance of the next-to-nothing ”’ 

a phrase employed by one of our greatest scientists, 
and signifying the effect of minute quantities of cer- 
tain elements. The constitution of cast iron is to com- 
plex to allow indiscriminate meddling, but this same 
complex character allows the production of ferrous 
alloys that were impossible until the influence of the 
special constituent was made the subject of research 
and experiment. 


ThelGrowth of Cast Iron After Repeated Heatings. 


A further tribute to the possibilities before the use 
of special constituents in cast irons was involved in the 
Paper on “The Growth of Cast Iron after Repeated 
Heatings,’’ presented before the same meeting of the 
Iron and Steel Institute by Dr. H. C. H. Carpenter. 
This Paper was the conclusion of the one by Professors 
Carpenter and Rugan which we dealt with in our issue 
of November, 1909. The conclusions arrived at as the 
result of the investigations recorded therein are worthy 
of review. As regards the effects of the different con- 
stituents of cast iron, silicon was dealt with in the pre- 
vious Paper. Phosphorus tends to diminish growth, 
0.3 per cent. lessening the growth by about 3 per cent. 
The effect of sulphur also, is in the direction of re- 
tardation, while manganese retards the rate of growth 
in all cases, and diminishes the absolute amount in the 
majority of cases. Dissolved gases have no influence 
on the growth of an iron containing more than 3 per 
cent. of silicon, but between 1.75 and 3.0 per cent. of 
this element they may cause a growth of from 1 to 2 
per cent. The influence is most potent when silicon 
does not exceed 1 per cent., and in such cases they may 
be responsible for a growth of at least 10 per cent. 
Alloys containing from 2.25 to 2.40 per cent. of carbon, 
and 0.40 to 0.48 per cent. of silicon, showed a reduction 
of growth from 7.49 to 3.09 per cent. on increasing 
the manganese from 0.510 to 0.9385 per cent. An 
alloy containing 2.66 per cent. of carbon, 0.587 per 
cent. of silicon, and 1.64 per cent. of manganese, showed 
no signs of growth after 150 heats. but, on the con- 
trary, a slight contraction, namely, about 0.13 per 
cent. A perusal of Dr. Carpenter’s report shows that 
the key to the question lies in the use of manganese, 
and it may here be stated that for the practical man 
the most important point in the research is the deter- 
mination of an alloy which will not grow after repeated 
heatings. The uses for such an alloy are too well 
known to require detailed enumeration here, but ac- 
cording te Dr. Carpenter it appears to be a suitable 
material for annealing ovens, rolls, fire-bars, and the 
grids of muffle furnaces, whose growth when in the 
form of grey irons is so objectionable a feature. 
While from the point of view 6f minimum growth and 
non.cracking the most suitable material for ingot 











moulds into which molten steel is cast appears to be a 
very mild steel, the application in the iron foundry of 
the alloy under consideration is sufficiently important 
to make Dr. Carpenter’s researches of considerable 
practical value, apart from the scientific interest at- 
tached thereto. 








Electric Smelting of Iron and Steel. 


At the annual meeting of the Association of Mining 
Engineers in Sweden, Mr. Axel Lindblod read a Paper 
on the experience gained during the last few years, 
from which the following details are extracted. He 
pointed out that in 1903, when the Canadian Commis- 
sion undertook their investigations, the total number 
of electric steel furnaces in work amounted only to 
three, viz., two in Sweden of the Kjellin and Héroult 
systems and one in Switzerland. Up to 1907, when the 
Germans acquired several patents, progress was very 
slow, but since that time the industry had developed 
at a wonderful pace, as is shown in the following 
table : — 


Number of Total Amount of 
Furnaces. Capacity, za0 Be. 
1907 im on + 10 18.8 tons. 
1908 ose 36 96.2 ,, ” 
Beginning of 1910 |. 57 215.4 ,, 26, 74 ” 
as +» Wllabout95 about 400 about 50, 000 ,, 


In Germany, the electric steel production comprised 
chiefly high-quality steel, while the Americans had tried 
electricity for the better classes of merchant steel. The 
production of high-grade steel in Germany especially 
threatened the export of steel from Sweden. As an 
instance of this it might be mentioned that the Stahl- 
werk Beeker, at Krefeld, which formerly used Swedish 
raw material, had now signed a five years’ contract 
with the Electric Steel Works at Dommeldingen for the 
purchase of all raw materials for their production of 
crucible steel. The pig-iron used there had the 
following analysis: C=3.5 per cent., Si=0.6 
per cent., Mn=1.2 per cent., S=0.12 per cent., 
P=1.8 per cent. The finished product, which 
was replacing Swedish material, had the fol- 
lowing composition: C= 0.07—0. 10, Si = 0.15, 
Mn=0.20—0.35, S=0.008—0.010, P 0.008—0.010. 
The Germans had besides quite lately made castings by 
the electrical method as a speciality. This comprised 
chiefly small castings, such as parts for motors, motor- 
cars, etc. The Stavanger Electrical Steel Works in 
Norway, which were under erection, would chiefly take 
up this branch of manufacture. 

In Sweden, a two-ton Kjellin electric furnace had 
recently been erected at the Trollhattan Waterfalls, 
and in November, 1910, a new furnace was completed 
at Soderfers Bruk. At Kortfors, the plant had been 
extended, and 1,000 electrical horse-power was now used 
for electric steel production. 








German Foundrymen’s Association, 


The annual meeting of the -Verein Deutscher 
Giessereifachleute (German Foundrymen’s Associa- 
tion) was held last month from the 25th to the 28th. 
The programme included a number of interesting 
items, amongst which was a visit to the foundry of 
the German Niles-Tool Works, at Oberschéneweide. 
The papers read at the meeting included “A New 
Moulding Process for making Hollow Castings,” by 
Professor Dr.-Ing. A. Nachtweh (Royal Technical 
Institute, Hannover), the lecture being illustrated by 
cinematograph pictures; ‘‘The Present State of 
Metallography, with Special Reference to Foundry 
Practice,’’? by Dr. F. Bennigson (Berlin), illustrated 
by cinematographic pictures; ‘“ The Rotary Fore. 
Hearth,’ by Th. Léhe (Hannover); and “The Use 
of Oil as a Heating Material in Foundry Shops,” by 
Oberingenieur Karl Schiel (Berlin). 
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Carnegie Research Scholarship for 
B.F.A. Official. 


At the meeting of the Iron and Steel Institute last 
month it was announced that amongst the Carnegie 
Research Scholarships awarded for the year 1911 was 
£100 to Mr. George Hailstone, of Birmingham, to 
enable him to carry out an investigation on liquid 
contraction in cast-iron. Mr. Hailstone was born in 
1883, and was educated at Tindal Street Board School 
and the Municipal Technical School, Birmingham. From 
1899 to 1902 he acted as assistant in the Metallurgical 
Department of the Birmingham Municipal Technical 
School, and from 1902 to 1905 was Demonstrator in 
Metallurgy. He obtained first-class honours in iron 
and steel manufacture, and honours in both theoretical 
and practical metallurgy. In 1905 he was appointed 
Chemist and Metallurgist to Messrs. W. and T. Avery, 
Limited, Soho Foundry, Birmingham. 





Mr. GEORGE HAILSTONE. 


Mr. Hailstone is a member of the Council of the 
Staffordshire Iron and - Steel Institute, an original 
member of the Birmingham Me tallurgical Society, 
and a member of the British Foundrymen’s Associa- 
tion, also being Hon. Secretary of the Birmingham 
Branch of that institution. He is the author of 
numerous papers on cast-iron, which have been read 
before the above Societies, and also the Coventry 
Engineering Society, at Birmingham, Coventry, 
Dudley, Glasgow, Manchester, and Cardiff. The fol- 
lowing is a list of his published papers: ‘‘ The Charac- 
teristics of Foundry Irons’’; “ The Action of the 
Metalloids on, and the Microstructure of Foundry 
Irons’’; ‘‘The Sampling of Pig-iron ” : **The Scien- 
tific Mixing of Iron for Castings ’’; ‘“ The Work of an 
Iron Foundry Laboratory ”’ ; ‘*'Phe Microscopic 
Analysis of Cast-iron ”’ ; and ** The Use of the Micros- 
cope in Foundry Practice.’’ He is also joint author 
with Mr. F. J. Cook of a research on “ The Effect of 
Structure on the Physical Properties of Cast-iron.’ 
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The Influence of Vanadium upon the Physical 
Properties of Cast Irons.* 


By W. H. Hatfield, B.Met. 





Of late years the metallurgy of cast iron has re- 
ceived per agpesnntan more attention than previously, 
and much research has beeh directed towards making 
such material more consistent in its behaviour under 
physical tests, both in the ‘‘ as cast ” and “annealed ” 
condition. One phase of the development is the intro- 
duction of some of the elements such as have been em- 
ployed in steel-making with advantage; vanadium is 
now suggested as a valuable influence in increasing 
the strength of cast iron, and as there is at present 
considerable disagreement as to exactly what the in- 
fluence of this element is, it was thought that the 
results of the following experiments conducted in our 
works’ laboratories might be of interest. 

There are existing, at present, the results of several 
sets of experiments published by various workers, 
which are more or less conclusive in showing the ad- 
vantage of the addition of the element in small quan- 
tities. 

G. L. Norrist+ gives an instance where vanadium in- 
creased the life of locomotive cylinders. Cylinders 
made of cast iron not treated with vanadium showed 
a wear of j, in. per 100,000 miles, whereas vanadium 
cast-iron cylinders showed only microscopical wear 





after running 200,000 miles. Average tests upon 
such irons gave the following result: — 
| Transverse Tensile 
strength. strength. 
Ibs. Ibs. 
Plain cast iron - 2,130 24.225 
Vanadium cast iron 2,318 28,728 





The New York Centra] Railroad Company have al- 
ready ordered a considerable number of engines 
equipped with vanadium cast-iron cylinders. 

J. Kent Smith gives interesting figures in an article 
in the American “ Foundry” of February, 1909. He 
considers that the action of vanadium. is threefold : — 
(a) That it acts as a scavenger, clearing out the oxy- 
gen and nitrogen, which he considers exist under cer- 
tain conditions in cast iron. (b) That it “ somewhat 
strengthens the iron by its solid solution in the car- 
bonless constituent of that iron, rendering the mole- 
cules of its constituents more coherent than ever, and 
their crystals more resistant to abrasive wear and less 
susceptible to b by disintegration along the 
cleavage lines.” (c) By its action upon the carbides. 

The author does not agree with Kent Smith upon 
the first action, since he does not consider 
that oxygen is present in properly melted iron 
of suitable composition, but considers that his second 
and third claims deserve consideration. Kent 
Smith proceeds to substantiate his observations with 
experimental results, and shows that he has increased 
the tensile strength of cylinder and other cast irons 
50 per cent. by the addition of 0.2 to 0.25 per cent. 
of the element. He also gives instances of similarly 
increased figures under the transverse tests, and 
further demonstrates that these results are not at the 


* Read before the Iron and Steel Institute, May. 1911. 


+ “New England Foundrymen’s Association,” May, 1919. 


from the standard American bars as as 0.145. 
Under compression and hardness tests he also records 
improvement. It is also claimed that parts subject to 
much wear are improved by the addition of small 
quantities of the element, and in this matter support 
is obtained from a theoretical reasoning of the matter. 

Dr. R. Moldenke+ describes some interesting experi- 
ments made to determine the influence of this element 
upon the properties of cast iron. The iron was melted 
in the cupola, and the additions of manganese and 
vanadium were made to the metal when in the ladle. 
The test-bars were cast. to the standard size of the 
American Society for Testing Materials, i:e., 14 in. in 
diameter cast on end, in dried. moulds. The testing 
was done upon a 5,000-lb. Richle testing. machine, 
and some of the results are given in Table I. 
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Taste I. 
Dr. Moldenke’s Experiments. 
Analysis. 3 S32 3 E 
of) S4\su 
Iron melted. rity e Ne ABs Al = & = | g°8 
Va. Mn.| 8S. P. i S| & ome 
a. sala = 
arene ae pe ae } 
x. te x % | 
Machinery iron | — | 0.54 | 0.665] 0.66 | 2.72 | 1,980 | 0.105 | 38,680 
‘ | 0.27 | 0.56) ,, ‘i »> | 2,360 | 0.100 | 46.070 
ve 0.33 | 0.54 » | as | 1,980 | 0.100 | 38,700 
os | 0.36 | 0.59) ,, o »» | 2,872 | 0,09 | 46,320 
Remelted white | 
iron car wheels| — | 0.4 | 0.13 | 0.38 | 0.58 | 1,470 | 0.05 | 28,100 
= | 0.22 0.54 | 0.08 | 0.37 | 0,50 | 3,920 | 0.095 | 76,650 
| 0.25 1.15 | 0.11 | 0.59 | 0.65 | 2,970 0.09 | 58,040 
os | 0.27 | 0.74 | 0.08 | 0.43 | 0.53 | 3,030 | 0.09 §9,220 
0.31 | 0.45 | 0.119} 0.41 | 0.45 | 2,800 | 0.055 | 54,890 
o | 0.36; 0.40 | 0,09 | 0.42 | 0.45 | 3020 | 0.060 | 59,030 
oe | 0.45 0.40 | 0.11 | 0.41 | 0.42 | 2,950 | 0.070 | 59,230 
Burnt grey iron | — | 0.35 | 0,09 | 0.63 | 2.13 | 1,310 | 0.090 | 25,500 
- 0.05 0.35 | 6.09 | 0.63 | 2.13 | 2,220 | 0.100 | 43,380 
Burnt white iron) — 0.43 | 0.14 | 0.42 | 0.41 | 1,440 | 0.050 | 28,170 
0.05 0.65) ,, oi oe 1,910 0.055 | 37,400 











| 


The author, however, wishes to point out one or 
two considerations which must not be overlooked when 
deductions are being drawn from the foregoing ex- 
periments. Better results were undoubtedly obtained 
with the vanadium content than without it; it is, 
however, difficult to obtain any distinct rule, since 
the influence of 0.22 per cent. of the element would 
seem to be as great as that of 0.45 per cent. In the 
case of burnt metal, either white or » @ distinct 
advantage would appear to be p ery 0 the addi- 
tion of so low a percentage as 0.05. It is, however, 
important that we should take into consideration the 
variable analyses, and it is to be noted that the con- 
dition of the carbon is not recorded. 

It will appear from the foregoing data that vana- 
dium strengthens cast iron, and present author 
has, himself, under certain conditions, found such to 
be the case. His observations, however, pointed to 
the view that this action was merely due to the in- 
fluence of that element upon the ition of the car- 
bon, i.e., it assisted the carbon to persist in the com- 
bined state. Now by scientific working, as is fully 
appreciated, the condition of the carbon can be com- 
pletely controlled without access to any special ele- 


t “ American Foundrymen’s Association,” 1907. 
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ments, and it was therefore decided to determine 
whether any additional advantage over the ordinary 
procedure was to be gained by the addition of the 
expensive alloy of vanadium. To sum up, the ques- 
tion to be decided was whether or not the carbides in 
the treated iron were in any way different from those 
in the untreated iron. 


Author’s Experiments. 

The iron used for these experiments was one in 
which normally the whole of the carbon was in the 
combined state. To the molten metal varying quanti- 
ties of 45 per cent. ferro-vanadium were added, and 
the analyses of the resulting materials are given in 
Table Il. 














Taste II. 

Com. Gra- | | | 
Number bined Silicon. Mn. Sa | P. Va. 

arbon.| Phite. 

| 

aes ——saesen t 
Per Per Per Per | Per | Per | Per 
cent. | cent. | cent. cent.| cent.| cent. | cent 
iy ae ons 2.91 nil. 0.66 0.28 | 0.03 | 0.08 | — 
 _— - | 293 ” 0.66 028 | 0.03 | 0.08 | 0.138 
a oth he 2.9 pa 0.653 0.23 | 0.03 | 0.08 | 0.22 
. oo we | ae "s 0.65 0.28 | 0.03 | 0.082 | 0.45 
.. fe oe at 0.65 0.28 | 0.03 —_ 0.65 








It will be seen that a most interesting set of alloys 
were thus prepared of like composition apart from the 
gradual increasing ium content. The whole of 
these irons presented the normal fracture of white 
cast iron and microscopically (Figs. 1, 5, 9, 13, and 
17), were found to present the usual cementite pearlite 
structure of white iron. 

It was considered that the hardness test would be 
the most likely one to determine whether the vana- 
dium had any influence over the physical properties, 
and the bars were therefore subjected to both the 
Brinell and scleroscope tests. The results obtaiued 
are given in Table III. 








Taste III. 
Number. Brinell. Scleroscope, 
Vv 387 48 
vi 418 48 
v2 430 48 
v3 418 47 
va 430 48 





It will be seen that there is no evidence in favour 
of any pronounced effect peculiar to the vanadium, 
and it was therefore considered that any influence 
which the element possibly had was simply the in- 
direct one. 

Conclusively to prove the manner im which the in- 
fiwence of the element was exerted, it was considered 
necessary to find out how it existed in the ulloy. If 
vanadium is added to pure iron it alloys in all propor- 
tions, and an inter research has resulted in the 
production of an equilibrium diagram.* If added to 
a steel of carbon content under saturation, it will 
be found that the vanadium above the pearlite change 
point exists in solid solution. After the resolution of 
the hardenite into pearlite, although it would seem 
so to be believed, it is not as yet proved that the 
vanadium exists as a constituent of the pearlite car- 
bide aé distinct from the pearlite ferrite. 

The alloys which we have. under consideration be- 
long to the supersaturated range, and it was there- 
fore decided to determine what proportion of vana- 
dium crystallised with the massive cementite as dis- 
tinct from the solid solution. So that the massive 
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* Vogel and Taminann. 
Chemie,” vol Iviii., pp. 73-82. 


cementite should be alone separated, the samples were 
quenched just above the recalescence, previous to 
the electrolytic separation. In this manner the solid 
solution was taken into solution in the dilute hydro- 
chloric acid whilst the cementite carbide remained be- 
hind. The author appreciated that it was possible 
for the vanadium compound in the solid solution to 
remain undissolved, but experience showed that this 
was not so, a8 some vanadium was found in the HCl 
solutions. The samples were d for forty-eight 
hours in each case, and Table IV. gives the analysis 
of the cementite carbides thus produced. 














Taste IV. 

Bar. Carbon. | Vanadium. | Silicon. 

Per cent. Per cent. Per cent. 
Vv 6.59 _ 0.58 
vi 6.54 0.414 0.26 
v2 6.54 0.66 | 0.32 
v3 6.53 0.81 0.31 
va 6.54 1.25 0.31 








It will be seen that the bulk of the vanadium 
crystallised with the cementite carbide, and it would 
be deduced that it was probably in chemical combina- 
tion. The author has shown* that with the varying 
silicon content of an iron the silicon content of the 
carbide of such an iron is modified, and further that 
this silicon content is ible for the comparative 
stability of such carbide at high temperatures. It is 
thus interesting to find that not only does the vana- 
dium ¢rystallise with the carbide, but that it influences 
the percentage of silicon found in it. Here is pos- 
sibly a further manner in which the influence may be 
asserted. The carbon content of these alloys was 
approximately 2.90 per cent., and if the calculation 
be made it will be found that about 34.5 per cent. of 
the alloy is really carbide. In connection with this 
fact the following table is of interest as showing the 
yield of carbide obtained : — 








Carbide Alloy in Carbide 
Number. obtained. solution. obtained. 
Grammes.  Grammes. Per cent. 
V 2.319 | 5.339 30.2 
v1 ey 2.51 5.71 30.5 
v2 en 2.54 5.608 31.17 
V3 ove 4.11 8.166 33.4 
v4 3.12 6.18 33.54 











The silicon not found in the carbide was invariably 
found in perfect solution in the HCl, and as an in- 
stance of this the silicon in the solution of V3 worked 
out at 0.95 per cent. for the solid solution, thus 
clearly demonstrating that the silicon had been par- 
tially prevented from crystallising with the carbide by 
the vanadium content. Such experiments as these 
are somewhat crude, but they, at any rate, give re- 
sults which throw light upon the grouping of the 
elements in such materials. 


Heat Treatment Experiments. 

It was next decided to determine by heat-treatment 
exactly how far the stability of the carbide was in- 
fluenced by the modified composition brought about by 
these additions. Bars of number were heated in 
a Clinch-Jones muffie for about one hour at fixed tem- 
po and then quenched. In each instance the 

a 


rs were introduced into the muffle standing 
at the particular temperature, which was su ly 
maintained within plus or minus 5 degrees C. for the 


stated period. ‘ 
Figs. 1, 5, 9, 18, 17 clearly show that previous to 
treatment the whole of the series were practically 





* Royal Society, Nov. 10, 1910. 








am ee nS. ial es tied Beth ARO Ficuenaiadst aires RPA oe 


“ONH GIHOLY “SUaLANVIC 38 GaIdINDVIN “(KOIGVNVA ‘LNSO Wid SFO) NOU] ISVD ATH M—'SA 


~) 9096 GAHONENH—'SI OA ‘9 0098 CAHONTAH—'FI “Ol “I8SV9.SV— ‘SI. "Old 


‘9 oOFOL aqHONanh— 9 “Ola 


JOURNAL. 


‘SHALAWVIC ZG GaIdINDVW “(WAIGVNVA “LNSO Wad ZZ'0) NOU] LSVD ALIHM—'ZA 
‘ 0098 CIHONAAH— OT “OA ‘I8V9 SV—6 OlA 


“ONH aHOLA 
‘) oOFOI CAHONANH— Zl “OIA ‘9 0096 GHAHONTAH—'Il “OMA 


THE FOUNDRY TRADE 








320 














THE FOUNDRY TRADE JOURNAL. 





cst: Fig. 19.—QUENCHED 960° C. Fic. 20 —QUENCHED 1040° C. 
ETCHED HNO, 


Fic. 18.—QUENCHED 860° .C. 


Fic. 17.—As Cast. 


MAGNIFIED 52 DIAMETERS. 


V4. —WuirTeE Cast IRON (0.65 PER CENT. VANADIUM). 





identical in structure; they consisted of cementite and 
pearlite. 

The first experiment was the heating at 860 de- 
grees C. for one hour, followed by the rapid quench- 
ing. Microsections prepared and etched with dilute 
nitric acid revealed the structures shown in 
Wigs. 2, 6, 10, 14, and 18. Apart from a slight preci- 


_pitation in the bar V, there is very little difference 


in the structures presented. 

The second series were heated for one hour at 960 
degrees C. and rapidly quenched. The respective 
structures are shown in Figs. 3, 7, 11, 15, and 19. In 
bar V (Fig. 3) the free carbide is nearly all broken 
down, only isolated areas being in evidence. In 
bar V1 (Fig. 7), little change seems to have taken 
place apart from the gradual disappearance of the 
tree carbide, owing to solvent action of the solid solu- 
tion with increasing temperature; occasional nodules 
of annealing carbon are noticed. The same remark 
applies to V 2 (Fig. 11). The structure of V 3 (Fig. 15) 
showed, however, no trace of the dissociation of the 
carbide, the whole of the carbide not in solution being 
presented as cementite. V4 (Fig. 19) naturally pre 
sented much the same appearance as V 3. 

The final heat-treatment of an hour’s exposure at 
1,040*degrees C. followed as before by a rapid quench- 
ing from that temperature. The microstructures 
presented after this treatment are portrayed in 
Figs. 4, 8, 12, 16, and 20. It will be seen that in the 
case of V, containing no vanadium, the whole of the 
free carbide at this particular temperature has broken 
down with the appearance of considerable quantities 
of annealing carbon, whilst the matrix presents the 
typical martensitic structure ‘characteristic of the 
solid solution when quenched under these conditions. 
The sample V1, containing only 0.13 per cent. of 
vanadium, still contains some free cementite carbid-. 
along with a considerable proportion of free carbon. 
The sample V2 presents a similar structure. with still 
more free cementite carbide in evidence. The micro- 
structure of V3 is interesting; it will be remembered 
that this bar contains 0.45 per cent. of vanadium, 
and this, no doubt, explains the persistence of the 
bulk of cementite carbide which is the most notice- 
able feature of the micrograph. There has, how- 
ever, been a noticeable dissociation of the carbide with 
the production of some annealing carbon. The most 
interesting micrograph is that obtained from the 
sample V4. It wall be seen that all the cementite- 
carbon not redissolved in the solid solution has per- 
sisted intact even after exposure to a temperature of 
1,040 degrees C. for one hour. 


Conclusions. 

The deductions to be made from the results of the 
foregoing experiments are as follows : — 

(1). Additions of vanadium have a definite influence 
upon the physical properties of cast iron. 

(2). This influence is mainly that of assisting the car- 
bon to persist in the combined state. 

(3). The persisting ¢arbides, physically, do not 
differ materially from the normal carbide found in the 
cast iron. 

(4). Owing. however, to the actual presence of much 
of the vanadium in the carbide, that carbide is ren- 
dered more stable. ‘ 








WE have received from the Anglo-American Oil Com- 
pany, Limited, 36-38, Queen Anne’s Gate. Westminster, 
S.W.. an interesting booklet on “ Liquid Fuel,” calling 
attention to the great field offered for the application 
of liquid fuel in various smelting, enamelling, and 
metallurgical processes, in addition to its value for 
steam-raising and marine purposes. 
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The Mechanism of the Production of Malleable 
Castings.” 


By Donald M. Levy, M.Sc., Assoc.R.S.M. 


Within recent years a considerable amount of inves- 
tigation has been undertaken with a view to obtaining 
an insight into the changes in constitution and com- 
position which occur in cast-iron during the production 
of malleable castings ; to trace the mechanism by which 
such transformations are brought about, and to assist 
in ascertaining the connection between the constitution 
and properties of the metal during the process. 

It is the object of the present Paper to review the 
present state of our knowledge of the mechanism 
involved in the production of malleable castings, 
from the point of view of the changes in con- 
stitution undergone by the metal, by which it is trans- 
formed from the hard and brittle raw material of the 
process to the soft and ductile finished product, and 
of the manner in which some of the different 
factors of composition, temperature, etc., met with in 
practice tend to influence this change, reviewing the 
general principles which are involved in the trans- 
formations. 

Varying opinions are held with respect to the most 
suitable means of representing the constitution of cast- 
irons on a general scientific basis; what is known as 
the “carbide system” lends itself advantageously for 
the. purpose. The carbide view suggests that 
for this study, cast-irons and _ carbon-steels 
may. be conveniently regarded as being primarily 
a series of alloys -of iron’ and_ iron-carbide 
and that the gravhitic system may be _ looked 
upon as.a secondary one, derived from the decomposi- 
tion of the carbide alloys; so that, according to this 
view, in general, graphite probably does not separate 
as.such from molten cast-iron, but results from the 
decomposition of primarily separating or separated 
carbide. 

It may be mentioned that this view recognises the 
possibility of direct graphite separation from the 
molten metal under certain physico-chemical condi- 
tions, such as high concentrations and temperatures, 
as the known experience in physical chemistry admits 
of such primary decomposition and separation. In- 
stances of the primary decomposition of strong carbide 
solutions at high temperatures are, however, excep- 
tional. 

In support of the carbide view, there may be urged 
the fact, well-known in physical chemistry, that there 
is a marked tendency for the separation of inter- 
mediate unstable phases during a change from one 
stable phase to another; so in the case of cast-irons, 
although the stable phases in the solid metal are repre- 
sented by free carbon and free iron, it is the unstable 
carbide phase which usually tends to separate from the 
liquid metal on_ solidification and the free carbon 
results from the instantaneous or subsequent decompo- 
sition of this comparatively unstable material. 

The technical details of the two processes in common 
use for the production of malleable castings, the 
English or ore-annealing process and the American o1 
Black Heart method, are familiar. For the present 
purpose it may be recalled that owing to the oxidising 
effect of the hematite employed in the former process 
there is a decrease in the carbon contents of the metal ; 
but the actual clianges in the carbon condition are in 





* Paper presented before. the Birmingham Branch of the 
British Foundrymen’s Association, May 27. 


each case governed by the same general principles. The 
Black Heart process involves only this change in 
carbide condition, and being, therefore, simpler. to 
follow, has been traced out in detail more closely. 

A white iron, such as would ‘be suitable for “‘ mallea- 
blising,’’ might contain about 3.0 to 3.5 per cent.. of 
carbon, almost all of it in the ‘combined form, low 
proportions of silicon (a small quantity appears to be 
essential, but excess is objectionable), whilst fairly low 
manganese and freedom from phosphorus and sulphur 
are desirable. ‘The metal being melted and cast into 
the required shape results in a casting which is. per- 
fectly white when fractured, crystalline, brittle and 
hard enough to scratch glass. 


In such an iron practically the whole of the carbon 
exists in the combined form, in combination with iron 
as a chemical compound iron-carbide Fe,C, hard, 
crystalline and brittle.» The metal of 3.5 per cent. 
carbon thvs contains Fe,C/C x 3.5:= 180/12 x_3.5, or 
52.5 per cent. of this iron carbide, and it will thus be 
understood why a material of which more than half is 
such a hard and brittle constituent should itself be 
distinguished by somewhat similar characteristics. The 
fact that any stated quantity of combined carbon exist- 
ing as Fe,C im an iron is present in Fe,C/C or 180/12, 
or 15 times that proportion of hard and brittle carbide 
is well worthy of note; and that although up to pro- 
portions of about 0.9 per cent. carbon, this carbide is a 
constituent of pearlite and thus has its effects modi- 
fied by association with interstratifying layers of iron, 
any further excess is present.as the free compound, the 
effect of which on the metal may thus’ be ‘readily 
accounted for. 

The analogy between cast-irons of any particular 
combined carbon content and steels of similar carbon 
proportion, both as regards constitution and proper- 
ties, is of considerable assistance, as is also the fact 
that metal containing about 0.9 per cent.. combined 
carbon is constituted almost wholly of pearlite, whilst 
smaller amounts are represented by a corresponding 
proportion of pearlite. 

Supposing now that it be possible to decompose the 
whole of the carbide of the above-mentioned white 
iron into its elements, free carbon and free iron; the 
effect of this change on the constitution and properties 
must be very marked, since instead of the 52.5 per cent. 
of hard and brittle carbide there is formed but 3.5 per 
cent of passive free carbon and no less than 96.5 per 
cent. of free iron, which is soft, ductile and easily 
workable. 

Though in cast-irons of ordinary composition the pro- 
portion of free carbon is an index of softness, this is 
not because of any intrinsic softening influence it 
possesses, but because it usually indicates the absence 
of a correspondingly large quantity of hard earbide 
and the presence of a correspondingly large amount of 
free iron, which is the element whose presence ensures 
the softness and ductility of the metal. Every 0.1 per 
cent. of combined carbon which is transformed to free 
carbon represents not only the destruction of 1.5 per 


_cent. of carbide, but the liberation in ‘its place of 1.4 


per cent. of soft and ductile free iron. 
The constitutional diagram of the iron-carbon alloys 
may now he considered in order to trace the sequence 
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in which the constituents of the cast-iron separate and 
solidify, Fig. 1 giving a general representation of these 
separations. The important fact must, however, be 
always kept im mind that the carbide whilst it is separ- 
ating, or even subsequently, has a very strong tendency 
to decompose into the stable free carbon and free iron. 
It will be observed that the carbide in a white iron 
separates at two different periods and ‘under two 
different sets of conditions. One portion separates 
directly from the molten metal (primary carbide), the 
other from a condition of ‘solid solution in the iron 
(secondary carbide). 

The solidification sequence of a 3.5 per cent. carbon 
cast-iron is represented by the line ONMP of Figure 1. 
Solidification of the metal commences at a temperature 
corresponding to the point N, when iron begins to 
solidify in the form of dendrites. This iron is not pure 
but has ‘the power of holding in solid solution up to 
1.7—2.0 per cent. of carbon; and to this material the 
name of austenite is given. Austenite continues to 
separate throughout the temperature range NM, during 
which time the remaining still molten liquid becomes 
richer and richer in carbon, until at point M the eutec- 
tic composition and temperature are reached and the 
molten residue of composition 4.3 per cent. of carbon 
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Fic. 1.—CONSTITUTIONAL DIAGRAM OF Cast IRONS 
AND STEELS. 


becomes solid at 1,130 deg. C. This material is the 
eutectic of the iron: iron-carbide series; it has the 
characteristic appearance of eutectics, and is found 
surrounding the primary austenite crystals. It is com- 
posed of austenite and carbide, and this solidification 
corresponds with the separation of the first kind of 
carbide, which may be termed the primary carbide. 
The second separation of iron-carbide in the cast-iron 
takes place from the solid solution of iron-carbide in 
iron—the austenite. This separation from solid solu- 
tion of the carbide is exactly analogous in general fea- 
tures to the separation of a material from aqueous 
solution. From 1,130 deg. C to 690 deg. C (range 
M.P., Fig. 1) more and more carbide gradually 
separates from the austenite, until at just above 690 
deg. only about 0.9 .per cent. of carbon remains in 
solid solution (a reduction of about one-half), and at 
this temperature this residual eutectoid solid solution 
suddenly becomes completely transformed into alter- 
nate layers of carbide and free iron, being the eutec- 
toid known as “ pearlite.’’ 

Microscopic examination of white irons shows that 
these final pearlite areas are surrounded by the borders 
of the secondarily separated carbide, so that the 
pearlite skeletons represent the position of the original 
austenite crystals. 

Tt is by the decomposition of one or other or both 
of these carbides that the white cast-iron is converted 


into “ malleable,’’ more particularly in the black-heart 
process ; and it is not at all improbable that owing to 
the different circumstances of their separation from 
the metal the primary and secondary carbides are dis- 
tinguished by certain differences in properties, partly 
of a chemical and certainly of a physical nature, and 
this has important consequences, since the physical 
condition of the carbide affects its tendency to decom- 
position. 

In dealing with malleable cast-iron, the decomposi- 
tion of the primary carbide during _solidifica- 
tion of the metal does not enter into the 
question, since such decomposition is purposely 
prevented in making the iron’ white for 
malleablising; but considered generally, it will be 
apparent that it is this carbide which is largely re- 
sponsible for the formation of most of the primary and 
coarser graphite in cast-irons, since it is in a structur- 
ally free condition at high temperatures; hence 
a suited for decomposition and free to be in- 
fluenced by conditions favouring it. Consequently the 
strain under which it has been retained in that form 
must be very marked, and given the opportunity it 
will be the more readily decomposed. oreover, as 
shown by the diagram, the temperatures at which the 
metal is annealed are such that the pearlite-iron is 
once more capable of dissolving a considerable quan- 
tity of its secondary carbide, if this be still free; so 
that in general it is the primary carbide which is 
more liable to decomposition, and the liberation of free 
carbon first occurs in the carbide eutectic areas. 

The actual mechanism of this change has not yet 
been perfectly elucidated. It has been found by high 
power microscopic examination that there is a ten- 
dency for the individual small carbide crystals to 
coalesce prior to decomposition when free carbon is 
deposited from the carbide in a solidifying cast-iron. 
On the other hand, recent research shows that free 
carbon may be, and is often, liberated in situ on 
annealing white iron; in other words, that any 
original carbide area, after heat treatment, may be 
found to have been replaced by one consisting of 
free carbon and free iron. The conditions under which 
these two sets of observations were made are, how- 
ever, different; and, as is well-known, the actions 
which are likely to occur under varying physical and 
chemical conditions differ considerably. Although, 
therefore, it may well be that on re-heating each 
individual carbide crystal decomposes in situ, yet under 
the conditions prevailing during the solidification of 
cast iron, the distinct tendency to super-cooling and 
the vagaries of surface tension effects on the solidify- 
ing crystallites of carbide render the coalescence and 
balling up of the carbide a general preliminary before 
the forces producing decomposition can come into 
full play. 

Differences in molecular mobility are almost suffi- 
cient ‘to account for the differences in the mechanism 
of the change; the physico-chemical conditions of the 
carbides are so dissimilar that the circumstances 
governing the decomposition of carbide in annealing 
processes may well differ from those occurring whilst 
the metal is in the process of solidification. 
It is hoped that further microscopic work under the 
necessary high powers will assist in the still fuller 
tracing out of this transformation. : : 

The temperature and time factors are highly im- 
portant in controlling the degree and manner of 
decomposition—a matter well known to the practical 
man. High temperature favours decom position of the 
carbide the speed of reaction increasing with the 
temperature. Indeed. below a certain point, carbon 
precipitation practically ceases. i 

Casting temperature has been shown to influence 
the decomposition, in the direction of lower casting 
temperature promoting carbon precipitation, a fact 
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mpomwon ving been already more near! 
realised in such metal. The geaane’ te chilling a | 
casting, the smaller is the size of carbide crystal—a 
factor again not so favourable to decomposition as the 
presence of the more coarsely crystalline carbide. 

The decomposition of the secondary carbide is 
helped by a number of interesting physical factors. 
Since a considerable quantity of such carbide is 
soluble in the iron at the annealing temperatures, it 
is only the excess (line b D, Fig. 1) which might be 
free and liable to decomposition. 

The forces of migration, however, play a part in 
the question. By conducting the annealing at rela- 
tively low temperatures, the carbide of and around 
the pearlite areas tends to te into larger 
masses which are often also drawn into the larger 

rimary carbide-areas, in which more massive con- 
ition its subsequent speed of solution in the iron may 
not be sufficiently rapid to prevent some prior decom- 
position by heat. 

Another very important influence is brought to bear 
on the carbide; the influence of inoculation. It is 
well known in cases of supercooling or retention of 
material in a metastable condition, that the introduc- 
tion of a small quantity of the stable phase may 
greatly encourage the retarded transformation. It is, 
therefore, not unlikely that the presence of primary 
annealing carbon already in the metal may tend to 
promote the precipitation of the rest or a greater 
portion of it. 

In making malleable iron, the ideal aimed at is to so 
treat the raw material, the white cast iron, that the 
finished product is a material as closely as possible 
resembling wrought iron in mechanical properties. 

If free carbon is to be left in the metal, it must 
be in such a condition as to have a minimum of 
weakening effect on the iron, and hence must be in 
as fine a form and as evenly distributed as possible, 
since the coarser the graphite the greater is its 
destructive influence on the homogeneity and con- 
tinuity of the iron itself. Any circumstance favour- 
ing the formation of coarse graphite is therefore un- 
desirable. Hence regulation of the physical condition 
of the free carbon is a point of exceeding importance 
in the annealing process. and one in which micro- 
scopic study of the mechanism of decomposition is 
likely to be of service. ; 

Free carbon, when once formed, is subject to the 
influence of migratory forces acting in the solid metal, 
which tend to the gradual coalescence and growth of 
the constituents. Given time, together with favour- 
able temperature, the particles of annealing carbon 
tend to become coarser—a tendency which is undesir- 
able in maileablising work. “ ; 

The subject of the secondary constituents in the 
white cast iron with respect to the annealing pro- 
cesses is open to investigation from the standpoint 
of their ultimate effect on the finished product if 
they are retained in the metal, and the possibility of 
eliminating the injurious impurities during the opera- 
tion, in addition to the question of their influence on 
the mechanism of the process itself. 

Since the ideal malleable casting approaches 
wrought-iron as nearly as is economically and metal- 
lurgically practicable, it is. in the first instance, de- 
sirable to introduce as little impurity as possible 
into the raw material; for, unless such can be 
eliminated during the annealing process, or its con- 
dition rendered harmless, the finished product is bound 
to be of inferior quality. This is particularly the case 
with black heart aanealing. It is for this reason 
that phosphorus is not permissible in the white iron, 
since it is not eliminated by either process, whilst 
its destructive effects on the final product are well 
known. In the case of sulphur, more considerations 
come ‘into question; in the black-heart process it re- 


tards the desired changes, and not being eliminated 
is dangerous in the malleable casting, unless 
moderate quantity allowably present is neutralised by 
manganese. Its behaviour in the ore-annealing pro- 
cess is reserved for consideration in the concluding 
portion of this Paper. Low sulphur is naturally most 
advantageous, and in the American method is in- 
deed essential. Silicon and manganese are chiefly 
considered from the standpoint of their influence on 
the mechanism of the process itself, since they are 
not eliminated to any important extent, and the effect 
in the finished product of the quantities permissible 
in the white iron, is rather of secondary importance. 
The influence of the secondary constituents on the 
mechanism of the production of malleable castings 
has, it will naw be seen, to be studied through their 
effect on the condition of the primary and secondary 
carbides, and in this connection it will be of 

to first consider how any particular constituent, such as 
the silicon, manganese or sulphur, has separated and 
is distributed, particularly with reference to the car- 
bides. This can be more readily traced by a study 
of the solidification sequence, since, by ascertaining 
whether any secondary constituent has rated with 
the austenite, or has concentrated with the 1,130 de- 
grees C. eutectic, information is given as to whether 
it is likely to be associated with the secondary or with 
the primary carbide. The investigation of this subject 
is as yet far from complete; but progress is being 
steadily made and certain facts have been fairly well 

Silicon, as is well-known, has important influences 
on the carbon condition ; in general, the temperature 
required for graphite separation is usually lowered, 
whilst at constant temperatures the rate at which 
precipitation is effected is increased progressively with 
silicon contents. Results of recent research indicate 
the manner in which varying quantities of silicon are 
differently distributed among the constituents of the 
solidifying white iron, and so are available for 
separately influencing the different carbides. It has 
been shown that some silicon is soluble in the 
austenite, the amount being less than 1.0 per cent. 

When a molten cast-iron containing silicon below 
such a limiting value solidifies, the greater part of 
the silicon separates with the austenite as a silico- 
austenite, and consequently the carbide eutectic sepa- 
rating at 1,130 deg. may carry with it but little sili- 
con. It follows that in the solidified and cold white 
iron, the primary carbide is comparatively free from 
silicon, but that the secondary carbide (deposited 
from the austenite, and thus accompanying the pearl- 
ite areas) is in some sort of association with the sili- 
con. It has, moreover, been further that iron- 
carbide possesses an absorbing or combining power 
for silicon, yielding a silico-carbide which is very 
much more unstable than the normal iron-carbide, and 
therefore that when the austenite deposits its carbide 
(along range MP, Fig. 1), this secondary carbide 
carries some little silicon with it, thus separating 
out as a silico-carbide, endowed with a marked ten- 
dency to decompose, which is not so characteristic 
of normal non-silicious secondary carbide. Hence, a 
variety of white iron carrying up to. say, 0.8 per 
cent. silicon, is eminently suited for the annealing 
process. Uniform and almost complete deposition of 
free carbon is favoured, because, under these\condi- 
tions, both the primary and the secondary carbides 
are readily and more uniformly decomposed. 

In the presence of larger quantities of silicon, the 
silico-austenite being saturated, some is left over, 
and this separates with the 1,130 deg. C. eutectic, 
yielding a primary silico-carbide. On annealing such 
metal, even if it can still be obtained as white cast- 
iron, the tendency to decomposition becomes much 
more marked, so that the precipitated free carbon 
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may be too coarse for the production of very tough 
metal. High silicon in the metal renders the pro- 
duction of white cast-irons increasingly difficult, and 
by unduly hastening precipitation yields too coarse a 
graphite, with the possibility of introducing at the 
same time an embrittling and hardening influence on 
the liberated free iron by its own action. In white 
irons, silicon raises the temperature at which both the 
primary and secondary carbides separate from the 
respective solutions, thus also assisting their decom- 
position by exposing the structurally free carbides to 
higher temperatures and over longer periods of time. 

The preferential absorption of moderate quantities 
of silicon by the austenite, thus associating some of 
it with the secondary carbide, appears to be of special 
importance in regulating the carbon precipitation. 
The exact method of distribution of the moderate 
quantities of manganese. usually present in the cast- 
irons has not been accurately determined, and defi- 
nite information on the point is desirable. Mangan- 
ese undoubtedly associates itself with the primary 
austenite which separates during the _ solidification 
of cast-irons; the pearlite point is by the first 
additions lowered and with larger quantities is 
suppressed, thus indicating that the secondary 
carbide is being held firmly by the iron and 
in this way protected from the influences 
which produce decomposition. It has also been 
proved that the bulk of the manganese is actually 
associated with the carbide, occurring in the form of 
a double carbide of iron and manganese, which is 
characterised by great stability when heated; and it 
follows that the 1.7 to 2.0 per. cent. of combined 
carbon existing as secondary carbide is effectively 
protected by the action of the manganese from the 
influences which tend to decomposition. It is not 
known .how far the usual quantities of manganese 
present in the cast-irons are. associated with the 
1,130. deg. C. eutectic (producing primary carbide), 
although in the presence of large amounts. the pri- 
mary double carbide of manganese and iron is also 
obtained, and this is exceedingly stable. 

The fact that any considerable quantity of man- 
ganese is proved capable of effectually retaining 
about 2.0 per cent. of the carbon in ‘the combined 
form and of preventing its decomposition is .suffici- 
ent to explain the desirability of reducing the amount 
permissible in the white iron for malleablising to 
moderate limits. 

Sulphur appears to act in rather a different man- 
ner. When present alone it exists in the form of 
iron sulphide. In the quantities usually present in 
cast-iron it does not appear to associate itself with 
the austenite, but gradually concentrates in . and 
separates with the 1,130 deg. eutectic., so that it is 
associated with the primary carbide, whilst, since the 
austenite separates free from sulphur, the’ secondary 
carbide has practically none associated with it. 

Sulphur increases the stability of the carbide, the 
action being to a large extent a physical. one, though 
the actual mechanism is not yet perfectly clear. Re- 
search has indicated that the sulphide tends to emul- 
sify the minute crystals of carbide, a condition fa- 
vouring super-cooling ‘and retention of metastable 
forms, retarding their coalescence and thus opposing 
the forces -favouring precipitation of carbon, whilst 
it has also been suggested that the sulphur, in very 
small quantities, enters into combination or solution 
with the iron carbide to form a sulpho-carbide which 
is more stable than the normal carbide itself. 

The ultimate effect of the sulnhur thus tends to 
increase the stability of the carbides and to prevent 
or retard carbon precipitation, because the primary 
carbide, which is otherwise more liable to decomposi- 
tion/is now rendered more stable by its preferential 
association with the sulphide, whilst the secondary 





carbide, which is otherwise not so prone to decom- 
position, is now more protected, indirectly, owing to 
the absence of free carbon which might otherwise 
promote decomposition by inoculation. In all the 
above cases the action indicated is assisted by the 
diffusing powers of the various constituents. 

The foregoing statements have reference to the in- 
fluence of the constituents when present singly; the 
simultaneous effect of two or more of these impurities 
is necessarily more complex, and much research is re- 
quired before exact knowledge is obtained. The joint 
effects of manganese and sulphur are, however, fairly 
well known; in suitable proportions, the elements 
combine, forming a practically inert material which 
exerts but little influence on the carbon deposition, 
whilst excess of either constituent exercises its own 
particular retarding action. 

Of the relations of sulphur and silicon in reference 
to the solidification sequence and ultimate distribution 
very little has been positively determined. 

The English or ore-annealing process has not 
received the same amount of study from the scientific 
point. of view as has the black heart; and the 
actions in question are rather more involved, since it 
is not only the transformation of carbide to free 
carbon, but also the elimination of some of the carbon 
through the agency, direct or indirect, of the ore, 
which is involved. The ore annealing process is par- 
ticularly suitable for white irons containing sulphur, 
since the influence of this impurity tends to prevent 
the carbon precipitation in black-heart anneal- 
ing, whilst by the treatment in hematite ore, carbon 
is to some. extent eliminated independently of the 
sulphur, which is itself often partly removed; the 
quantity remaining is, moreover, held to have a much 
less harmful influence than on a black-heart casting, 
where only minute amounts are permissible. 

Recent research on a non-sulphury iron has indicated 
that a precipitation of carbon from the carbide is a 
preliminary to its removal in ore-annealing under 
the conditions of the experiments; and _ that 
the malleablising process proceeds in two stages, 
the first being carbon precipitation, and the second 
its elimination. It was also found that the whole 
of the action was not attributable to direct action of 
the ore at the surface, but by action penetrating in- 
wards ; in other words, the carbon did not travel to 
the oxidiser, but the oxidiser towards the carbon, 
suggesting action by gases; and that the hematite 
acted indirectly only, by supplying the oxidising gas. 

It is very probable that the mechanism involved in 
the production of some of the more sulphury malle- 
able castings is somewhat different and more com- 
plex than this. The oxide appears to absorb sulphur 
from the metal in immediate contact with it, by the 
removal of which the carbon change becomes possible 
within a restricted area, resulting in local deposition 
of annealing carbon, the removal of which by the 
oxygen and CO, is now able to proceed. _The well- 
known diffusive power of the sulphides and of the 
carbon in iron, proceeding outwards. and the inward 
diffusion of the oxidising gases, lead to the production 
of a progressively thickening outward layer of malleable 
iron, enclosing a core in which sulvhur and combined 
carbon mav still remain in reduced quantity. 

In this connection’ reference must be made to the 
views embodied in a recent Paper to the Foundrymen’s 
Association by one of our best.known’ authorities. in 
which it was suggested that the elimination of carbon 
took place whilst it was still in combination with iron, 
and commenced even at such a comparatively low tem- 
perature as 750 deg. C.. the elimination heing brought 
abont by interaction between the carbide and the 
oxidising medium. © The impoverishment in carbon of 
the outer’ layer of the casting leads to a diffusion of 
more carbon from the interior, and in this way the 
elimination gradually proceeds. Jt was held that 
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decarburisation was the first stage in malleablising by 
ore-annealing, and that carbon precipitation followed 
when temperature and other conditions became suit- 
able. : 

Both these views, though conflicting, have much evi- 
dence to support them, and both present reasonable 
explanations of well-known facts. It appears, indeed, 
to be not improbab‘e that, as is the case in many simi- 
lar instances of apparent divergence in expert opinion, 
the truth of the matter is embodied in a compromise 
between the two views, and that possibly both series 
of reactions proceed together through the metal. 


Discussion. 


The PREsIDENT, opening the discussion, said the 
subject of malleab!e iron was particularly interesting 
because its production was a growing industry. 

Mr. A. H. Hiorns remarked that it was quite true 
that malleable iron was being more and more used. 
The exhibition of a diagram showing the presence 
of 4.3 per cent. of carbon indicated certain new de- 
partures. He had never heard of cast iron containing 
more than that proportion unless special elements 
were present, and he could not follow the reasoning 
of the second part of the diagram, because he held 
that if there were more than 4.3 per cent. of carbon, 
the excess separated out in the form of graphite. 
Apparently, from the diagram, 7 to 8 per cent. of 
carbon was neither impossible nor ridiculous, as he 
formerly supposed. He was glad to see the point 
about the size of the crystals so clearly brought out. 
It was clear that large crystals indicated a weakening 
condition, and perfect malleablising was dependent 
on crystals of the proper size. At. the lower tem- 
perature at which iron was malleablised, they got 
secondary earbide separated from the smaller crystals. 
They generally found with regard to al‘oys that if 
they got an element which separated in a free form 
in a finely- divided: state it was more or less equally 
distributed all oyer the alloy,and the alloy was very 
much better than when one of the constituents se- 
gregated in large masses. In the latter case the 
general result was that the metal was weaker. 
That was especially the case with lead. Generally, 
fine particles of carbon . constituted an_ essential 
element of strength. The idea of inoculation was 
very true as applicable 'to metals, and he had known 
a kind of disease communicated to lead in that way. 

Mr. W.-H. Corx-said he could not detect any differ- 
ence between the primary and~secondary carbide. 
The microscope showed no line of demarcation. From 
what was known as the four-phase rule, they would 
conclude that the two carbides were identical. 

Mr. R. Bucwanan said he would like some definition 
of such terms as “super-cooling,” “stable” and 
** meta-stable.” 

Mr. Hartstone associated himself with Mr. Cole’s 
remarks on the primary and secondary carbides. 

Mr. SLEIGH, as one engaged in the malleable iron 
trade, called attention to the increasing use of such 
metal for copper-plated and bronzed goods. His firm 
had bought large quantities for such purposes, and 
found great difficulty in getting castings of satisfac- 
tory quality. The material was sometimes too hard to 
take a twist drill, while small holes in the casting 
and “ searing” were also very serious defects. 

Mr. J. H. Westwoop wished to know why new ore 
should not be used every time instead of combining 
new with old ore, as was done in many foundries? 
Mr. Levy, replying on the discussion, explained the 
term “super-cooling ” as the cooling to an abnormal 
degree, as in the case of water which could be cooled 
below the freezing point without freezing actually 
taking place. Super-cooling of metal was cooling 
below the temperature at which change took place. 


The effect of silicon had been very ably worked out 
in a paper recently given before the Iron and Steel 
Institute by Gontermann. As to: the primary and 
secondary carbides, when they had carbides separating 
out at widely different temperatures, they must have 
quite different conditions of the carbides. Other 
terms used were fully dealt with in recent papers, 
especially in Gontermann’s paper. As to the question 
of old as compared with raw ore, it was customary 
to use old ore to dilute the action of raw ore, which 
was often found too vig®rous. 

A hearty vote of thanks was accorded Mr. Levy for 
his paper. 








British Foundrymen’s Association : 


Birmingham Branch, 


Annual Meeting and Election of Officers. 


The concluding meeting of the session in connection 
with the Birmingham Branch of the British Foundry- 
men’s Association was.held on Saturday, May 27th, 
in the Technical School, Suffolk Street, Birmingham. 
The more technical proceedings were preceded by the 
holding of the annual meeting, over which Mr. C. 
Heggie presided, in the absence, until some time later 
in the evening, of the President, Mr, A. H. Hiorns. 

The annual report read by the Secretary of the 
Branch, Mr. G: Hailstone, showed a present member- 
ship of 194, comprising hon. members, members, 
associate members and associates, beihg a total in- 
crease of 61 on the year. The Chairman expressed 
the belief that a further substantial advance would 
take place during the present year. The accounts 
showed a total expenditure of £13 18s, 9}d., leaving 
a balance in hand of a few shillings. Seven ordinary 
meetings had been held, and three visits to works 
had taken place. 

On the proposition of the Chairman, Mr. H. L. 
Reason was chosen President for the year, and hearty 
thanks were accorded to Mr. A:.H. Hiorns for his 
services in the chair. 

Messrs. C. Heggie. and W. Gale were chosen vice- 
Presidents, Mr. G. Hailstone was re-elected Secretary 
and Treasurer, and the following were chosen to con- 
stitute the Council :—Messrs. R. Buchanan, F. J. 
Cook, J. Bullock, D. Dalrymple, H. Pemberton, J. 
J. Howell, J. H. Toy, Robinson, W. Lisle, and W. 
H. Jacques. It was decided that in future a coun- 
cillor failing to attend any one of the meetings during 
the year should not be eligible for re-election. ’ 

Replying to Mr. Buchanan, the Secretary an- 
nounced that several papers for next session had 
already been arranged. They were hoping to get a 
paper on “Chilled Rolls ” from a gentleman in Middles- 
brough ; a second on “ Match-plates ’’; and a third on 
“Physical Test Results.” One night was to be devoted 
to the discussion of an article in the “ Foundry Trade 
Journal,” and another to a general discussion. They 
hoped to have a paper from Mr. W. H. Hatfield, of 
Sheffield, on “ Carbon in Tron,’’ and other papers on 
‘Vanadium in Cast Iron” and “ Pattern-making.” In 
all. seven papers had been promised. 

The remainder of the evening was devoted to the 
reading and discussion of a paper by Mr. Donald 
M. Levy, M.Sc., Assoc.R.S.M,. on “ The Mechanism 
of the Production of Malleable Castings,” which paper 
and discussion will be found on pages 321 et seq. of 
this issue. 
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A Novel Method of Casting Steel Car Wheels. 


In a recent issue of ‘‘ The Iron Age ” is described a 
method of casting steel car wheels invented Mr. J. 
C. Davis, assistant to the first vice-presi- 
dent of the Anrerican Steel Foundries. The 
object of the mvention is to produce 4 
cast-steel wheel for railway work having the 
strength of the steel-tyred wheel and the wearing 
qualities of the chilled cast-iron wheel. The investi- 
gations which led to Mr. Davis’ invention date back 10 
years, when the inventor was on a train which was de- 
railed by a broken flangé of a cast-iron wheel. Chemi- 
cal and microscopic examination revealed sulphur segre- 
gation at the point of failure. The first experiments 
were with a blank gear pattern. In these it was dis- 
covered that by adding ferro-manganese to the molten 
steel when it was poured, a casting of any desired de- 
gree of hardness could be produced. The problem was, 
however, to get the necessary hardness where it was 


CasTING CAR WHEELS; 


wanted in the casting, and at the same time leave the 
central part soft enough to be machined. is was 
finally solved by revolving the mould at the time of fill- 
ing and introducing the ferro-manganese in such a way 
that it would affect only the outer portion of the 
wheel. Thereupon special apparatus and moulds suit- 
able for full-sized wheels were prepared and the experi- 
ments continued on a more elaborate scale with proper 
safeguards at each step. 

Formulas have been made for every step from the 
melting of the material in the furnace to the final 
machining of the wheel. The methods of determining 
and controlling temperatures are such as eliminate de- 
pendence on human agency and insure uniformity in 
results. The moulds are dried in ovens, the tempera- 
ture of which is regulated by the use of special pyro- 
meters. The pouring of the moulds is an operation of 
particular interest. When ready for filling they are 
mounted on tables, which are made to revolve as the 
molten metal is being poured into them. The first 
metal to enter the mould is treated with ferro-man- 


ganese, introduced by compressed air as the metal 
passes from the ladle to the mould. The steel thus 
treated is followed up immediately by soft steel, which 
forms the plate and hub of the wheel. The revolu- 
tion of the mould makes it possible to produce regularly 
in an integral wheel a manganese steel tread and flange 
with a soft steel hub. The manganese, being heavier 
than steel, is drawn by the centrifugal motion to the 
outer parts of the mould. 

The flasks, as the moulds are being prepared, 
stand on tables consisting of parallel beams, 
this arrangement facilitating the handling. The moulds 
are set by cranes in the pit in which they are poured, 
two moulds being in place in the pit at one time. While 
one is being poured the other is removed by an inde- 
pendent hoist and an empty mould set in its place. The 
steel from the open-hearth furnaces is tapped into a 25- 
ton ladle, which is carried to the pit by a travelling 


THE MOULD ON THE REVOLVING TABLE DURING POURING. 


crane. The steel is poured from the bottom of the 
ladle, the flow of metal being regulated by a cone- 
shaped cup carried by a truck running on tracks laid 
across the pit, as shown in the illustration herewith. 
As the moulds are poured three cranes are in use. One 
carries the ladle, and on either side a crane takes out 
a flash that has been poured, or puts im one ready for 
the next pouring. On their removal from the moulds 
the wheels are given an annealing, the temperature be- 
ing regulated by a pyrometer. The object of this 
treatment is to secure a fine molecular structure and 
eliminate internal strains. From the annealing fur- 
naces the wheels are taken first to a hydraulic straight- 
ening press and then to a boring mill where the wheel 
fit is accurately rough-bored to within } inch of the 
finished size. It then passes to a grinding machine, 
where the tread and the throat of the flange are 
ground. Following the grinding the wheels are again 
heated and water tempered, this operation giving a 
denser metal in the rim of the wheel and imparting 
toughness. 
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The Growth of Cast Irons 





after Repeated 


Heatings." 


PARTS II. Ill, AND IV, 


By H. C. H. Carpenter, M.A., Ph.D. 


The following Paper contains an account of an 
investigation which has arisen out of one published by 
Professor Rugan and the author.t In the previous 
Paper the aicunene on the growth of cast irons of 
carbon, silicon, gases dissolved in the irons, and those 
penetrating from outside, were established, but the 
effects of sulphur and phosphorus were not deter- 
mined, and that of manganese only in part. As these 
three elements are regular constituents of all cast 
irons, their influence has to be estimated before a 
complete theory of “growth” can be enunciated. 
This has now been done, and the data and conclusions 
therefrom constitute the subject-matter of the first- 
sub-section of this Paper—namely, Part Il. This 
section also contains calculations of the approximate 
growth that may be expected in grey cast irons 
whose chemical composition is known, 

The next section, Part II., is of purely scientific 
interest, and is here omitted as not being of direct 
interest to those who are only concerned with the 
practical aspects of the investigation. It deals with 
the growta of the grey irons, N-S inclusive, described 
in the previous Paper, when repeatedly heated in 
vacuo, and the bearing of this on the theory of their 
growth in air. 

The final section, Part IV., contains an account of 
experiments, to some extent on information 
given in the discussion of the previous Paper, and 
undertaken with the object of finding a commercial 
alloy whose growth after repeated heatings is negligi- 
ble, and which may be successfully used for anneal- 
ing ovens, rolls, ingot moulds, etc. From the prac- 
tical standpoint this is the most important section 
of the Paper. 

PART Il, 

(a) The Influence of Phosphorus on Growth.—Taking 
alloy N as the base, three alloys were cast with in- 
creasing phosphorus, viz., X, Y, and Z. Their chemi- 
cal composition and that of N are given in Table I. 
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It will be seen that with the exception of 
phorus, the percentages of the various constituents 
ar2 nearly constant. These bars were grown under 
the same conditions as N, and the results are given 
ia Table II 

These results show that phosphorus, which is 
present, of course, as a phosphide eutectic, not only 
does not cause an increase in ‘altimate growth, but 
a marked diminution, viz., between 2.5 and 4 per 








* Paper presented before the Iron and Steel Institute, May, 1911. 
+t “Journal of the Iron and Steel Institute,” 1909, No.'IL., pp. 
23—143. (See FounpRY TRADE JOURNAL, November, 1909.) 


cent. for corresponding irons. Moreover, the phos- 
phoric irons grew more slowly, and their rate of 
growth was more regular than that of N. It will be 


TABLE LIL. 
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Per cent. Per cent. 
16.10* 0.79* 
13.61 } 1.17 
10.97 0.84 
13.31 1.31 








* Mean of figures for N and NN. 


observed that the increase in weight was rather 
greater. This is probably due to the phosphide 
eutectic hindering the burning of carbon, and not to 
an oxidation of the phosphide. The latter would 
almost certainly cause an increase in volume which is 
not found. Microscopic examination of the original 
and fully-grown bars showed that no oxidation of 
the phosphide had occurred. 

(b) The Influence cf Sulphur on Growth.—After 
examining a large number of typical analyses of com- 
mercial grey irons, it appeared unnecessary to under- 
take any special experiments as to the effect of this 
element. The amount present is invariably small, 
rarely reaching 0.2 per cent. Taking this into con- 
sideration, together with the tendency of sulphur to 
keep carbon in the combined state in irons, it is quite 
certain that this element does not contribute appre- 
ciably to growth. 

(c) The Influence of Manganese on Growth.—Some 
information as to this can be obtained by an examina- 
tion of the growths obtained with alloys J, K, L, and 
M in the previous investigation. Table III. gives their 
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compositions and ultimate growths. It also contains 
what have been called the “ calculated ” growths. The 
figures in this column have been obtained by pro- 
longing the curve of growth due to silicon to zero, 
and reading off the approximate growths corresponding 
to the silicon percentages of J, K, L, and M. | For 
this purpose Fig. 1 has been reproduced from the 
previous Paper. : 

It will be seen that only im the case of J is the 
“found ” higher than the “ calculated ’’ value, viz., by 
0.75 per cent. From these results it would appear that 
when silicon does not exceed 0.7 per cent., manganese 
not only does not contribute to growth, but tends to 
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diminish it; further, that the lower the silicon the 
greater the diminution. Even in the case of J the 
rate of growth is greatly retarded, fifty heats being 
required for the attainment of full growth, as com- 
pared with about twenty for alloys N and O. 

These conclusions have been entirely confirmed by 
several lengthy series of experiments described in 
Part IV., and manganese must be regarded both as 
retarding the rate of growth in all cases, and diminish. 
ing the absolute amount in the majority of cases. 

(d) The Influence of Dissolved Gases on Growth.— 
This was estimated for alloys N and § in the previous 
investigation. It has since been determined 
for the entire series under the same experi- 
mental conditions, and details are given in Part III. 
of this Paper. The alloys were heated in racuo at 
800—900 deg. C. until their volume was constant. 
During this treatment gases, whose volume varied 
between 0.76 and 1.60 per cent. of that of the alloy 
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experimented with, were evolved. Table IV. gives 
the results. For purposes of comparison the mean 
percentage growths in air have been added. 
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. Change | 
. Com- Volume 
. Total ; Ti o — Growth 
ANY: Carbon. Carbon. || Yolume) gvotved. | ™ Alt 
Per Per Per Per | Per 
cent. cent. cent. cent. cent 
oe 3.98 0. 1.07 +11.10 | 1.17 times 16.1 
OO om 3.98 0.68 1.79 + 2.16 | 1.48 ,, 24.0 
<8 Seg 3.79 0.30 2.96 + 2.73 |0.76 ,, 33.6 
_ 3.16 nil 4.20 - U.i9 | 160 ,, 428 
eee 3.79 * 4.83 | + 0.15 | 1.28 57.4 
Ss 3.38 ee 6.14 — 0.04 111 67.7 


It will be seen that under this treatment alloys 
N, O, and P all grew in vacuo, whereas Q, R, and S 
hardly changed in volume, two of them showing a 
slight contraction and the third a small expansion. 
From a practical standpoint, however, their volume 
changes may be regarded as negligible. Of the three 
alloys which grew, N showed much the greatest ex- 
pansion. Even allowing that, in the experiment, all 
the combined was changed into temper carbon, this 
will not account for more than about 1.1 per cent. 
growth, so that the dissolved gases must be regarded 
as causing a growth of about 10 per cent. In the 
alloys O and P, which are much more “ open ” irons, 
the growths due to this agency are between 1 and 2 
per cent. It is quite clear from these experiments 
that in “close’’ grey irons, which do not. contain 
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more than about 1.2 per cent of silicon, the pressure 
of dissolved gases is responsible for a good deal of the 
growth observed. 

The “ Growths” to be expected on Heating Grey 
Cast Irons to Redness.—In these irons the following 
structural constituents may be present:—(1) A soliu 
solution of iron silicide, and possibly manganese 
silicide, in iron. This will be called “ silico-ferrite.” 
(2) Graphite. (3) Combined carbon, either as iron 
carbide or as- iron manganese carbide, according to 
the amount of manganese present. (4) Phosphide 
eutectic. (5) A small quantity of either iron or man- 
ganese sulphide, or both. (6) Dissolved gases, con- 
sisting principally of hydrogen and some nitrogen. 

The influence of each of these factors has now been, 
as far as possible, determined by the author, and ar 
attempt will be made to estimate their combined 
effect on the growth of any given iron. It may be 
well to state at the outset that the foregoing im- 
vestigations lead to the conclusion that there is no 
such thing as a grey iron which will not grow when 
repeatedly heated to redness, in the presence either 
of furnace gases or air. This fact must be frankly 
recognised. All that can be done is to estimate the 
growth that may be anticipated in an iron whose 
chemical composition is known. 

No. 1 is undoubtedly the most potent factor in 
causing growth. No. 2 is essential to growth, but 
its action appears te be indirect, viz., by acting as 
the channel for the penetration of gases into the iron. 
No. 3 is only a slight contributory cause of the growth 
of a grey iron, and, at the very outside, is probably 
not responsible for more than 1.5 per cent. No. 4 
not only does not contribute to growth, but diminish» 
the rate and the absolute amount. No. 5 has a re 
tarding effect on growth. No. 6 is a notable factor 
in the growth of “close’’ grey irons, but not of 
“open ” ones. 

The effects of Nos. 1 and 2 can best be considered 
together. It was shown in the previous research that 
“the main cause of growth is the disintegration of 
the material caused by the oxidation of the silico- 
ferrite.” The volume increase consequent on the 
reaction 

FeSi+ 0, =Fe0+SiC, 

is no doubt definite, and could be determined if this 
were the only change. But it was also shown that, 
in addition, some iron is oxidised. The amount of 
this is variable, and will depend on the distribution 
of the graphite and the consequent avenues for 
oxidising gases. The smaller the graphite plates the 
greater the surface they will expose, and the greater 
will be the oxidation. _ The distribution and character 
of the graphite will depend on the composition of the 
alloy, the temperature at which it is cast, and the 
rate of cooling. Accordingly the oxidation of the 
iron must be regarded as a variable whose influence 
cannot be numerically estimated. As regards No. 3 
it is safe to conclude that at the outside it will not 
cause a growth of more than 1.5 per cent. No. 4 
will tend to diminish the growth by about 3 per cent. 
if the phosphorus reaches 0.3 per cent. Higher per- 
centages will tend to diminish the growth still more. 
As mentioned, the influence of No. 5 is small, because 
the absolute amount of sulphide present is small. 
No. 6 has no influence on am iron containing more 
than 3 per cent. of silicon. Between 1.75 and 3 per 
cent. of this element, dissolved gases may cause a 
growth of from 1 to 2 per cent. Its influence is 
much more powerful when the silicon does not exceed 
1 per cent., and in such cases it may be responsible 
for a growth of at least 10 per cent. 

Taking everything into consideration, and having 
regard to the fact that the great majority of com- 
mercial grey irons contain between 1 and 3 per cent. 
of silicon, this element must be regarded as by far 











the most potent influence in the growth of grey irons, 
and the best general expression of the connection 
between growth and composition is Fig. 1, which takes 
silicon into account and ignores all other constituents. 
Table V. has an interesting bearing on this matter. 








TABLE V. 
1, 2. | 3. 4. 
Average cal- 
Alloy Silicon. on growth Pa geo 
silicon. 
Q Per cent. Per cent. 
N 1.07 16.1 15.0 
Oo oo = ios 1.79 | 24.0 13.4 
P ane tbe het 5 2.96 | 33.6 1i4 
"eee ; sa : 4.20 | 42.8 10.2 
K 4.83 57.4 11.9 
Ss 6.14 67.7 11.0 


The values given in column 4 appear to show that 
up to 4 per cent. silicon has a gradually diminishing 
etfect on growth. In reality, this is probably not 
the case. The lower members of the series, viz.. 
Q, R, and 8, give the silicon effect most nearly, 
because the values obtained with them are not com- 
plicated by growth due to the pressure of dissolved 
gases, or the conversion of combined to free carbon. 
The mean value in these three cases is 11 per cent. 
of growth per 1 per cent. of silicon. This may be 
regarded as the nearest approximation possible to the 
pure silicon effect, but there is no doubt that some 
of it is due to the oxidation of iron. With silicon 
diminishing below 3 per cent., the two above-men- 
tioned complications begin to assert themselves, par- 
ticularly the gas effect in the low-silicon irons, and 
cause the silicon effect to appear larger than it really 
is. 
The author would suggest the following test as the 
sirplest and most rapid for forming an opinion as 
to the growth that is liable to take place in any 
particular grey iron: Estimate the silicon, and then 
read off the approximate growth from the data in 
the table given at the end of the Paper. 

If the iron contains 0.3 per cent. of phosphorus and 
upwards, the growth will be from 2.5 to 4 per cent. 
lower than the above figures, and if more than 0.5 
per cent. of manganese is present, the rate of growth 
will be diminished while the amount of growth will 
be to some extent lessened. 

The author would, however, venture to caution 
readers against too strict an application of this test, 
and to emphasise the fact that the table is only an 
approximation. It is impossible to make allowances 
for variables such as the temperature of casting the 
alloy, its size, and the rate at which it cools, each 
of which will have its effect on the physical and 
possibly chemical condition of the structural consti- 
tuents in the casting, and particularly on the reten- 
tion of gases. At the same time it appears to him 
as the nearest general approximation that can be 
made, and variations from it will probably not exceed 
10 to 15 per cent. of the absolute value, and may be 
smaller. 

The general theory of growth outlined in the first 
Paper. although enunciated at a time when all the 
possible factors of influence had not been fully con- 
sidered, still holds the field. It requires to be slightly 
supplemented, but not modified, as a result of these 
later experiments. Neither phosphorus, sulphur, nor 
manganese contribute to growth. The only addition 
which the author desires to make arises out of a 
suegestion made both by Professor Turmer and Mr. 
Saniter in the discussion of the first Paper. The former 
said, “If they imagined the iron in those samples 
to be in a very soft state, and to be surrounded by 
a hard skin, it was quite conceivable to him that the 
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particles of iron, when heated, might expand at tho 
moment of heating, and when they wanted to shrink 
hack they could not get back.” The latter said, 
“Every time it” (that is the iron) “ was annealed 
and expanded, whether by oxidation of the silicon or 
by a slight oxidation of the iron, the presence of 
those bodies again prevented it from contracting to 
its old size when it was cooled and that went on 
when it was sgain stretched by heating. He thought 
that was the explanation of the authors, but he did 
not think it had been worked out as far as it might 
have been.” This aspect of the modus operandi of 
the oxidation of silicon and iron in causing growth 
is one with which the author entirely agrees. It 
follows from this reasoning that after a few heats 
such irons would be under considerable tension at 
the ordinary temperature. This has the merit of 
accounting to some extent for the cracking which 
took place in the specimens, and for the rapid deterio- 
ration of their mechanical properties. 


Part IV.—Alloys of Small or Negligible Growth. 
In thé concluding paragraph of the Paper by Pro- 
fessor Rugan and the author, the following recom- 
mendation was made:—‘ The authors have no hesi- 
tation in recommending that white irons should be 
tried for annealing ovens, instead of grey. The most 
suitable composition appears to be an iron with about 
3 per cent. carbon, e.g. C, and as few impurities as 
possible. Of these silicon is the most important, and 
should not exceed 0.2 to 0.3 per cent. This iron 
would probably shrink slightly on repeated heating. 
The reason why an upper limit of 3 per cent. of 
carbon is suggested, is that white irons higher in 
carbon will tend to deposit temper carbon. Where 
this is the case the material will begin to grow. Even 
so, however, the growth will never be as much as in a 
grey iron. Tt is possible that an oven constructed of 
white iron may prove to be unsuitable because it may 
crack on heating. Should this difficulty arise, it may 
perhaps be overcome by modifying the design.” 

This recommendation was criticised on two grounds. 
(1) It was pointed out that commercially it would be 
difficult to obtain an iron with so low a percentage 
of silicon, and that about 0.5 per cent. was the 
maximum practice figure. (2) It was urged that it 
would be very difficult to prevent such an iron from 
cracking on heating. Thus Mr. Fletcher (Dudley) 
wrote: —“ The suggestion that an alloy low in silicon, 
and having a carbon content not exceeding 3 per 
cent., could be used for such articles as annealing 
pots was valuable. It would be interesting to hear 
that such an alloy could be employed successfully. 
Castings of that composition, whether made in chills 
or sand, had a pronounced crystalline structure, the 
crystals arranging themselves at right angles to the 
cooling surfaces of ‘the mould, and unless free from 
sharp angles of uniform thickness and well fed and 
clean at the running gits or feeders, such castings 
would crack when subjected to rapid heating up from 
the cold state.” 

Again, Mr. Cosmo Johns (Sheffield) wrote: ‘ Us- 
ing a low-silicon iron, would, from the authors’ re- 
sults, give a material that would not ‘ grow,’ but such 
a white iron could only with great difficulty be 
treated so as to convert its combined carbon into the 
graphitic form, and would probably have fractured 
before that change had heen accomplished. eee 
The chief difficulty seemed to lie in overcoming the 
liability to fracture during the earlier heatings of 
those low-silicon alloys.” 

In making the above recommendation the authors 
took it for granted that temper carbon: should not he 
deposited on heating. Otherwise growth will certainly 
follow and perhaps cracking. Criticisms 1 and 2 are, 
however, to a great extent met by the contribution 
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of Mr. Hatfield (Sheffield) to the same discussion. 
He wrote, “It might be of interest, in confirmation 
of the authors’ views, to record an incident con- 
nected with the use of chills in the iron foundry. 
At the works with which he (Mr. Hatfield) was con- 
nected, the same grey cast-iron chills had been, some 
years before, used repeatedly in producing one par- 
ticular series of castings. As time went on it was 
found that the dimensions of the casting in the neigh- 
bourhood of the chill showed considerable variation, 
and the trouble was directly traced to that charac- 
teristic of cast iron which had been so thoroughly 
investigated by the authors. It would be interesting 
to know that the solution of the difficulty had been 
found by using white-iron chills low in silicon, which 
seteined their original dimensions even after consider- 
able service.” 

_ At the author’s request Mr. Hatfield has kindly 
informed him of the composition of these white-iron 
chills. This information is confidential, but it is per- 
missible to state that the chemical analysis is not very 
different from that recommended by the authors, that 
these moulds do not crack under ordinary usage, 
and that there is no appreciable precipitation of 
carbon. Further, the test of this alloy in the form 
of a chill mould into which hot metal is poured and 
which therefore is very rapidly heated, is much 
severer than in the form of an annealing oven, which 
is only gradually heated. It seems almost certain 
that any material that will stand the former will also 
stand the Jatter test. But there is no getting away 
from the fact that the alloy is brittle. 

The authors’ joint investigation showed that alloy 
I, which is really a mild steel, did not grow at all 
on repeated heating, but tended to shrink slightly. 
The composition of this is: —OCarbon 0.15 per cent. ; 
silicon 0.186 per cent.; manganese 0.15 per cent. ; 
sulphur 0.040 per cent.; phosphorus 0.017 per cent. 

The same holds for alloy i, which has 0.55 per 
cent. of carbon, but is similar in other respects. 
These are ductile materials, particularly I, and on 
this account are undoubtedly to be preferred to C. 
Owing, however, to their high melting-points, they 
would be much more costly materials, and the prac- 
tical problem has been to find a white iron which 
would be as cheap to make as C, and which is, if 
possible, as ductile as I. Strictly speaking, ao doubt, 
this is impossible of attain nient. 

In his contribution Mr. Fletcher refers to his 
having used with success an iron containing about 3 
per cent. of carbon, 0.6 to 0.7 silicon, and 0.5 man- 
ganese for the faces of shingling hammer tools. This 
is the same carbon percentage as that recommended 
by the author, but silicon and manganese are appre- 
aably higher. He says, “Ordinary grey castings 
‘ grew ’ quickly on the face and rapidly disintegrated. 
The difficulty of white-iron castings was that they 
were liable to be brittle. The presence of manganese 
modified the action of the silicon in such castings 
for the reason that graphite formation was hindered 
and . . . the presence of the 0.5 manganese per- 
mitted silicon up to 0.6 to 0.7 per cent to be used 
to the benefit of the castings, which did not disin- 
tegrate so rapidly and were less brittle.” These tool 
faces were grey when slowly cooled, white if chilled, 
but close-grained however slowly they were cooled. 
It is clear from these facts that manganese can 
toughen to some extent a brittle white iron. 

The experiments with alloy MM, quoted in the first 
Paper, have an important bearing on the estimate of 
the influence of manganese. This alloy contained 
3.02 per cent. carbon, 0.50 silicon, 0.86 manganese, 
and thus resembles Mr. Fletcher’s alloy to a con- 
siderable exjent. On heating it contracted for about: 
10 heats and then grow slowly, attaining a maximum 
growth of 2.54 per cent. only after about 50 heats. 
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In doing so it deposited temper carbon. This is a 
comparatively smal] and also a slow growth. Taking 
these facts into consideration, it appeared that the 
influence of manganese should be more thoroughly 
investigated, and that alloys containing about 2.5 
per cent. of carbon, 0.5 to 0.6 per cent. of silicon, 
and varying amounts of manganese might be expected 
to furnish one of even smaller growth than MM, 
and, owing to the lower carbon, one of still greater 
toughness. It was of course recognised that the drop- 
ping of the carbon meant some rise in the melting- 
point, and that the alloys would be a little more 
expensive to found. The problem, however, was one 
that called for compromise, and it was obvious that, 
in spite of the increased cost of melting, the materials 
would be must cheaper than mild steel. 

Three alloys were ordered from Sir W. G. Arm- 
strong, Whitworth & Company. The actual composi- 
tions came out as in Table XVI. 


TABLE XVI. 


No. 1. No. 





Carbon 
Silicon 
Sulphur ... 
Phosphorus 
Manganese 





These figures were sufficiently near the desired ones 
for the intended experiments, although in No. 3 
carbon, silicon, and manganese were all a little lower 
than they should have been. All three irons, which 
had been cast in sand, were white irons. At the 
outset it was considered important to get some idea 
of their toughness. The turner who machined the 
specimens reported that “they turned like very tough 
malleable irons.” Further, the author found it very 
difficult to fracture bars by hammering them, and 
that in fact they could be indented to a considerabie 
extent during this treatment. They were thus shown 
to possess decided toughness. The tenacity tests on 
the specimens (0.564-inch diameter) gave the following 
results : — 
rr Ultimate aay 
ae 
20.201 
22.00 


A distinct rise in mechanical strength with increased 
manganese was thus shown. 

Machined bars of the three alloys were heated in a 
muffle furnace for four-hour periods at 850 deg. to 
900 deg. C. Volume measurements were made from 
time to time, and 150 heats were carried out, with 
the 1esults shown in Tables XVII. to XIX. 


No. 1, 
2.40 per cent. 
0485" e 


0.51 9 


TABLE XVII. 


Silicon ... 
Manganese 





.|Diameter Volume.| Change. | Weight.| Change. Heat 
Inch. (Cubic in.|Per cent.|Grammes)|Per cent. No. 
| 


0.9223 436.09 | 
| 
483.95 





11 
| 27 
41 
| 56 


74 
100 

| 126 
| 151 


0.9225 
0.9288 


proms | 
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TABLE XVIII. we. 2. 












































Carbon ... an .40 per cent. 
Silicon ... em oe a Can ° 
Manganese 0.735 *” 
| | 
Length.|Diameter,| Volume.’ Change. Weight. | Change. Heat 
Inches.| Inch. (Cubic in. Per cent. Grammes Per cent.) No. 
0063 | 0.9203 | 3.9970 | — 479.87 — |- 
6.0017 0.9204 | 3.9935 - 0.09 79.48 - 0608 | ll 
6.0223 0.9242 4.0391 + 1.05 478.62 - 0.26 | 27 
6.0470 0 9258 4.0708 + 1.85 478.23 - 0.34 | 41 
6.0625 0.9294 | 4.1134 + 2.90 477.93 - 0.40 56 
6.0774 | 0.9334 | 4.1581 + 4.08 477.44 - 051 | 78 
6.0675 0.9348 4.1629 + 4.15 477.08 - 058 | 100 
6.0667 | 0.422 | 42290 +580 47652  - 0.70 | 126 
6.0560 0.9440 4.2391 + 6.06 475.72 - 0.87 | 11 
TABLE XIX. No. 3. 
Carbon ... wa on -» 2,25 per cent. 
Silicon ... 0.406 oo 
Manganese 0.935 ” 
Length. Diameter| Volume. | Change. | Weight. | Change. | Heat 
Inches. Inch. (Cubic in.|Per cent.|Grammes|Per cent.’ No. 
5.9893 0.9183 3.9727 — | 478.42 | _ i— 
6.902 09177 3.960 | —022 | 47818 | -00 | 1 
5.9965 0.9182 3.9691 - 0.09 | 477.50 | -—019 | 27 
6.0116 0. 3.9959 + 0.58 477.088 | - 0.28 | 41 
6.0241 0.9214 4.0156 +108 | 476.75 | - 0.35 56 
6.0456 0.9213 4.0282 +140 | 47644 | - 0.41 74 
6.0588 0.9210 | 4.0369 + 161 476.07 | -— 0.49 100 
6.0698 0.9241 | 4.0692 | +243 | 475.54 | - 0.60 126 
6.0748 0.9267 | 4.0956 | + 3.09 | 474.68 | - 0.78 151 
Fig. 2 shows the results graphically. The growths 


recorded may be regarded as maximum values. From 
heat 56 onwards scale formed on the bars. This affects 
the accuracy of the measurements to an increasing 
extent as the heats progress, and tends to produce 
high results, so that the figures for growth appear 





PERCENTAGE GROWTH 


Numeer of MEATS 


Fic. 2. 


somewhat larger than they really are. As was 
noticed in the previous research, the bars grew fastest 
at the end nearest the gate. None of the bars cracked 
during the treatment. It will be observed that at 
the outset each bar contracted slightly, but after- 
wards began to grow. 

No. 1 contracted for about eleven heats, then grew 
fairly regulariy until the 76th heat, and afterwards 
contracted slightly. At heat No. 126 its growth was 
5.35 per cent., and then a further growth set in. 
After 151 heats its growth was 7.49 per cent., and was 
not yet finished. 

No. 2 behaved somewhat similarly, but grew less, 
6.06 per cent. growth being recorded after 151 heats. 

No. 3 grew very markedly less than Nos. 2 and 1. 
After 100 heats its growth was only 1.61 per cent., and 
after 151 heats only 3.09 per cent. 

It will further be observed that the growths are in 
the inverse order . onenee contents, and that 
comparing these results with MM, No. 1 grew 
slightly more, No. 2 less, and No. 3 iy on. 
These reenits, whilst not constituting a solution of the 


problem, were distinctly promising, for they indicated 
that manganese was the key to the situation, and 
that by increasing this still more an alloy of igibl - 
growth would be obtained. Accordingly, a fresh alloy 
was cast by Sir W. G. Armstrong, Whitworth & Com- 
pany at the author’s request, the following table 























giving the composition asked for and actually 
cbtained : — 
Alloy No. 4. 
ha | Desired | Composition 
| composition. | obtained, 

he | Percent. | Percent. 
Carbon 2.50 2.660 
Manganese | 1.50 | 1.640 
Silicon - “a 4 we | 0.50 | 0 587 
Sulphur net Ex nok = 0.01 } 001 
Phosphorus... ae ed | 0.01 | 0.01 


The tensile test of this alloy gave 22.41 tons ulti- 
mate stress. The turner reported that this alloy also 
machined like a very tough malleable iron. 150 heats 
gave the results shown in Table XX. ‘hey are also 
shown graphically in Fig. 2. 

















TABLE XX. 

Length.|Diameter.| Volume. Change. | Weight.| Change. |Heat 
Inches.| Inch. | Cubic in.|Per cent. |Grammes Per cent. | No. 
6.0040 | 0.9399 | 4.1668 = 504.09 See ie 
5.9940 | 09396 4.1556 —027 503 43 -0,13 24 
5.9961 0.9391 4.1517 —0.36 502.34 -0.34 50 
5.9865 9.9396 4.1504 —0.39 500.87 -0.64 | 75 
5.9890 0.9395 4.1522 —0 35 499.60 —0.89 | 100 
— 0 9401 4.1579 —0 21 499.36 -0.94 | 125 

5. | 0.9403 4.1614 —0.13 499 05 -1,00 | 


150 





This alloy contracted very slightly but steadily for 
75 heats, the amount then being 0.39 per cent. <Alfter- 
wards the contraction diminished also very slightly, 
and after 151 heats it was found to be 0.13 per cant. 

So far as these conditions are concerned, therefore, 
it may be claimed as an alloy which does not grow 
at all after repeated heating, but on the 
undergoes a slight shrinkage, which at no time 
amounted to 0.4 per cent. 


Tensile Tests of Bars Subjected to 151 Heats. 


In view of the rapid deterioration of the mechanical 
properties undergone by grey irons during growth, 
it was considered most important to test bars 
Nos. 14, after their prolonged and repeated heatings. 
They were accordingly machined to 0.564 of an inch, 
and broken in the testing machine with the results 
shown in Table 


TABLE XXI. 

















Original Bars. | Bars after 150 heats. 
Rar Sle 3 RT, 
No | uitimate | Ultimat | 
Jitimate Jitimate 
Stress. | Fracture. Stress. | Fracture. 
Tons per Tons per 
sq.in. | sq. in. 
1 19.92 Platey. 17.00 | Close dull grey, al- 
most non-metallic. 
2 20.20 »” 21.92 Lighter grey, more 
metallic. 
3 22.0) = *25.68 Lighter grey, more 
metallic. 
4 22.41 - *24.69 Very light grey, and 
most metallic. 
' 








* These figures would have been even higher had the bars not 
fracvured in the screw-head. 


The results are very important and remarkable. 
No. 1 shows a diminution in tenacity of 2.92 tons, 
but is still a. No. 2 shows an increase of 1.72 
tons, while No. 3 shows an increase of no less than 
3.68 tons, and, as explained at the foot of the table, 
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this must be re led as a minimum increase, and 
lower than the probable figure. Most important of 
all, No. 4, the non-growing bar, shows a rise of 2.28 
tons, which must also be regarded as a minimum 
figure. Its tenacity is thus markedly improved by 
treatment, which invariably causes a deterioration of 
that of the grey irons. From the practical standpoint, 
no result of higher utility could have been obtained. 

The results of the tensile tests are given in 
Table XXII. Both temper and total carbon were 
estimated, thus enabling the percentage conversion 
of combined to free carbon to be calculated. The 
following conclusions can be drawn:—(l). There was 
only a slight burning off of carbon during the heats. 
(2). Manganese increased the stability of the carbide 
at 850 degrees to 900 degrees C. (3). The order of 
growth of the bars is the same as the order of magmi- 
tude of the temper carbon. There is clearly a rela- 
tion between the two. 


TABLE XXII. 














| Original Bars after 151 heats. 
Manga- | —— eS 
Bar | ° 
No. mig Total | ¢« | Per- 
per cent.) carbon | a, Temper! Total | centage 
jallcom-| hb carbon. | carbon.| con- 
| lead, | Pe | verted. 
1 0.510 240 | 0603 = 1453 | 2446 | 67.71 
2 .735 | 2.40 0.956 1.134 2. 7 
3 0.935 2.25 1,192 1.011 2.203 45.89 
4 1610 | 2.66 2.367 0.251 2.618 9.60 


Freezing Point Determinations. 


These were made in the case of alloys Nos. 3 and 4 
because they have an important bearing on their cost 
of production.’ The alloys begin to freeze at 1,346 de- 
grees C., depositing a silico-austenite, containing pos- 
sibly manganese. The freezing interval continues 
down to 1,120 degrees C., the eutectic temperature, 
when the eutectic of silico-austenite and cementite 
solidifies. During the next 400 degrees to 430 de- 
grees C., primary cementite, probably containing man- 
ganese, separates from the silico-austenite. Finally, 
at about 692 degrees to 718 degrees C., the latter in- 
verts to a mixture of silico-ferrite and cementite, viz., 
silico-pearlite. This, of course, is the eutectoid inver- 
sion. Thus the final products are two :—(1). Primary 
cementite, must probably containing manganese in the 


TABLE XXIII. 











. Percentage of 
nities Manganese. —_ ~~ carbide decom- 
oy er cent. zi}, posed after 

151 heats. heats. 
1 0.510 + 7.49 67.71 
2 0.735 + 6.06 54.28 
3 0.935 + 3.09 45.89 
4 1.640 - 0.13 9.60 





form of a double carbide of iron and manganese; and 
(2) silico-pearlite. 

The retarding influence of mangamese on growth, 
and the deposition of temper carbon from white irons, 
is well seen in Table XXIII. 


Recommendations as to the Choice of Alloys of 
Negligible Growth. 

The investigations described in the foregoing Paper, 
and in that by Professor Rugan and the author, have 
not resulted in the discovery of an alloy whose volume 
is absolutely unaltered after repeated heatings. Hither 
there is growth or shrinkage. It may be very slight. 
but it is none the less there. For practical purposes, 
however, it will be assumed that a. variation in volume 
of not more than 0.5 per cent. is permissible. The 
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research was originally taken up to discover, if pos- 
sible, an alloy suitable for annealing ovens, or, speak- 
ing more generally, for objects which are neither 
rapidly heated nor to a very high temperature, in 
which, therefore, it was thought that a considerable 
degree of brittleness: was allowable. 

In the discussion, however, the author’s results were 
judged to a large extent from the point of view of 
their applicability to objects, such as ingot moulds, 
which have to stand the pouring into them of fluid 
steel at about 1,600 degrees to 1,700 degrees C. with- 
out cracking; that is an immensely severer test, not 
only as to absolute temperature and rapidity of heat- 
ing, but also as to deterioration by reaction with the 
molten metal. This was a stress they were never 
intended to bear, but in. this, the concluding para- 
graph of the Paper, the author’s results, so far as 
they bear on them, will be discussed. The alloys 
experimented with in Part IV. may be regarded as 
semi-cast irons, from the point of view of their carbon 
percentage. They contain from about 2.26 to 2.5 per 
cent. of this element, with about 0.5 to 0.6 per cent. 
of silicon. The experiments have shown that, in order 
to obtain, on this basis, an alloy whose growth on re- 
peated heating is negligible, about 1.5 per cent. of 
manganese must be present. Such an alloy melts at 
about 1,350 degrees C., which lies between the melt- 
ing-points of mild steel and cast iron, though some- 
what nearer the former. It is a tough material, 
“turning,” as has been described, “like a very tough 
malleable iron.” The melting-point is, of course, some- 
what high, and this could be decidedly lowered by 
adding even larger amounts of phosphorus and sul- 
phur than are usually present in commercial irons, 
without any danger of growth, but tedly at 
the expense of toughness. The valuable practical pro- 
perty of this alloy is that repeated heating, at any 
rate up to 150 heats, substantially improves its tena- 
city, and probably its ductility also, for whereas its 
original tenacity was 22.41 tons per square inch, the 
final value was 24.69. This result is highly gratifying. 

The slight deposition of temper carbon that takes 
place on repeated heating will certainly not make the 
material any more brittle. It certainly appears as if 
this alloy could be tried with advantage for anneal- 
ing ovens, rolls, fire-bars, and the grids of muffle 
furnaces, whose growth is so annoying a characteristic, 
none of which are heated up very rapidly in ordinary 
use. Further, the author is of opinion that it could 
be used for ingot moulds in an ironfoundry without 
cracking, and without growing, but it is doubtful 
whether it could withstand molten steel. Taking all 
things into consideration, -it looks as though the 
cheapest ingot mould for molten steel in the long run 
is one similar in composition to alloy I.; itself a mild 
steel, or one containing even less carbon. The first 
cost is, of course, high. but it is much less likely to 
crack than the semi-cast iron, and its growth would 
probably be negligible. No doubt, a grey iron, con- 
taining plenty of graphite, would be less liable to 
crack, but the author knows of no treatment which 
could prevent its growth under these conditions. 


Summary. 

(1). Phosphorus tends to diminish growth. If 0.3 
per cent. is present growth is lessened by about 3 per 
cent. Higher percentages tend to diminish growth 
still more. 

(2). Sulphur is never present in commercial cast 
irons in sufficient quantity to have more than a small 
influence on growth, which is, however, in the direc- 
tion of retardation. 

(3). Manganese retards the rate of.growth in all 
cases, and diminishes. the absolute amount in the 
majority of .cases. 


(4). Dissolved gases have no influence on the growth 
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of an iron containing more than 3 per cent. of silicon ; 
between 1.75 and 3.0 per cent. of this element they 
may cause a growth of from 1 to 2 per cent. Their 
influence is most potent when silicon does not exceed 
1 per cent., and in such cases they may be responsible 
for a growth of at least 10 per cent. 

The simplest and most rapid test for forming an 
opinion as to the growth that is liable to take place 
im any particular grey iron is to estimate the silicon, 
and then read off the approximate growth from the 
data as follows : — 


Silicon Apptonianste upwth 
per cent. per cent. 
1.00 15.0 
1.25 18.5 
1.50 21.5 
1.75 24.5 
2.00 27.0 
2.25 29.0 
2.50 31.0 
2.75 32.5 
3.00 31.0 
3.25 35.5 
3.50 37.0 


(6). Alloys containing from 2.25 to 2.40 per cent. of 
carbon, 0.40 to 0.48 per cent. of silicon, and varying 
quantities of manganese, showed the following 
growths after 151 heats: — 


Manganese Growth 
per cent. per cent. 
0.510 7.49 
0 735 6.06 
0.935 3.09 


(7). An alloy, containing 2.66 cent. of carbon, 
0.587 per cent. of silicon, and 1.64 per cent. of man- 
ganese, showed no signs of growth after 150 heats, 
but, on the contrary, a slight contraction, namely, 
about 0.13 per cent. 

(8). It is a tough material, and its mechanical pre 
perties were improved by this treatment. 

(9). It begins to freeze at about 1,346 degrees C. 

(10). It appears to be a suitable material for anneal- 
ing evens, rolls, fire-bars, and the grids of muffle fur- 
naces, whose growth when in the form of grey irons is 
so objectionable a feature. Probably it mh be used 
for ingot moulds in an ironfoundry without cracking. 

(11). From the point of view of minimum g 
and nen-cracking, the most suitable material for ingot 
moulds into which molten steel is cast appears to be 
a very mild steel. 





The Hard and Soft States in 
Metals. 


In the course of the second annual May Lecture be- 
fore the members of the Institute of Metals, Dr. G. T. 
Bernpy, F.R.S. (a Meniber of Council of the Institute), 
said that the hardening effect of cold working on 
ductile metals, and the softening effect of reheating, 
must have been known to the earliest workers in 
metals. To the enquiring mind, the phenomena were 
sufficiently explained as being due to the “com- 
pacting ’’ effect of hammering and the “ opening up ” 
effect of heat. The advent of more scientific methods 
of enquiry led to the exposure of this fallacy, and to 
the discovery of new points of difference in a metal 
in the two states. The discovery that the polishing of 
all substances, even of those so hard or brittle as 
antimony or calespar, involves the transient lique- 
faction of a thin layer on the surface, led to the 
study of this subject from an ay new point of 
view. In a pure ductile metal which has been slowly 
cooled from the molten state, the structure of the 


solid is completely crystalline, and the metal is in its 
softest condition. Any permanent deformation of 
the mass, whether by hammering, by rolling, or by 
wire drawing, hardens and stiffens it. The microscopic 
examination of the liardened metal shows that its 
original crystalline structure has been broken up and 
replaced by a new type of structure. If the hardened 
metal is raised to a sufficient temperature, the soft- 
ness is completely restored and the crystalline 
structure is also restored. In the ductile metals the 
greatest degree of softness is always associated with 
well-developed crystallisation. 

The composite character of the hardened structure, 
which in some cases resembles a bed of broken and 
distorted strata concreted or cemented together by a 
matrix, can only be explained by the presence of two 
constituents, namely, the broken«<down remains of 
crystals, and an amorphous or glass-like form of the 
metal by which the mass is so firmly cemented together 
that it has become vastly more rigid and mechanically 
stable than the crystalline structure. This amorphous 
or vitreous form of the metal stands in the same 
relation to the crystalline form as glass does to the 
crystalline silicates of which it is composed or as the 
clear vitreous “barley sugar” does to the- ordirary 
crystals of the breakfast table. 

The pure ductile metals cannot be obtained in the 
vitreous state by cooling, because their molecules 
retain sufficient mobility to enable them to marshal 
themselves in crystalline formation for a range of 
about 800 degrees below the solidifying point. All 
the facts show, however, that when liquefaction is 
produced by mechanically-induced flow, the solidifica- 
tion is so rapid that tthe solid which results is in the 
vitreous condition. ; 

The direct bearing of these researches on the obscure 
subject of molecular structure in solids was pointed 
out, and a “ pulsation cell*’ hypothesis of the three 
states of matter was outlined. 

Professor Quincke’s “‘ foam-cell ” theory of solidifica- 
tion was referred to, and was applied to the explana- 
tion of certain observations made by Professor 
Carpenter some years ago. 





——— 





Titanium in Iron Castings. 


In a pamphlet dealing with their special titanium 
alloy Messrs. Geo. G. Blackwell, Sons & Company, 
Limited, of Liverpool, remark that the constant de- 
mand for iron castings of greater strength makes it 
incumbent on the iron founder to consider seriously 
every means of improving the quality of his 8. 
The scientific founder who abandons rule of thumb 
and antiquated methods, is bound to succeed and leave 
the other founder standing where he was. A suitable 
addition of titanium in a form manufactured apo 
for iron foundry work, is bound to ipprove the pro- 
duct. Titanium cleanses the iron, removes nitrogen 
and oxides, strengthens, toughens and removes brittle- 
ness and blowholes. Such casti machine better. 
Titanium in grey iron, malleable iron, machinery 
castings and chilled castings gives improved results. 
The castings show increased tensile eo Be com- 
pressive strength, resistance to wear and greater 
durability. Ohilled rolls, chilled car wheels, etc., show 
remarkable increase in wearing properties. Titanium 
iron contracts and expands less under heating and 
cooling, and ingot moulds cast from this iron last 
much longer. The alloy should be crushed fine and 
added to the ladle. The best results are obtained by 
pre-heating the orushed alloy before adding to ladle. 
The alloy should be stirred in yen 5 and the 
quantity to use is from } to 3 lb. per 100 lbs. of iron. 

c 
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The Ruthenburg Electric Furnace. 


The Ruthenburg electric furnace, which is depicted In designing this furnace the object has been to 
in the accompanying illustrations, is in many respects continue the good features of the various types which 
distinct from all other types. The furnace uses three- have previously been put forward, at the same time 
phase alternating current which revolves the bath, obviating the faults of these types. An idea of the 


Fig. 1.—THE RUTHENBURG ELECTRIC FURNACE. 


making for an even distribution of heat. The elec- general construction, as well as the exclusive features 
trodes are immersed in the slag at a non-arcing volt- embodied in the furnace, may be gathered from the 
age, the result being that the slag acts as a resister and views herewith, and the sectional drawing, Fig. 4. 
becomes the centre of heat. The furnace may be described as belonging to the 














resistance type; that is, the heat is generated by the 
passage of a current of low tension through the bath, 
as opposed to the type in which heat is generated by 
a current of higher tension passing between electrodes 
and forming a true arc. : 

A special feature is the removable pouring hearth, 
the advantages of which are obvious. The hearth 
being removed and run out on its track is used as a 
ladle, thus obviating skulling, loss of heat, and con- 
sequent loss of efficiency. It will also be cbserved 
that ap method metals may be poured which 
would extremely difficult to release by tapping. 
Other advantages claimed for this construction are 
the increase in accessibility, and the feasibility of keep- 
ing the furnace in continuous operation by the sub- 
stitution of a spare hearth, when the running hearth 
requires re-lining or repair. The time required for 
lowering the hearth, pouring and replacing is 
negligible as compared to the time necessary for 
releasing the same amount of metal by tapping. 

The electrodes are protected by water jackets ex- 
tending to within a few inches of the bath, these 
jackets being lined with refractory material. The 
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Fic. 2.—REAR VIEW OF 8-IN. ELECTRODE 
RUTHENBURG FURNACE. 


jackets serve to protect the electrodes from the waste- 
ful action of the extremely hot gases. Unprotected 
electrodes, exposed to the actions of these gases, 
have a decided tendency to fritt away, this fritting 
action involving a serious waste of electrode 
material. The refractory jacket lining precludes any 
possibility of arcing between the electrode and the 
jacket wall, in the event of an electrode being broken. 

We understand that a furnace embodying the above 
features, with slight alterations to suit individual 
needs, has been applied to the refining and alloying 
of steel, the production of steel direct from ore, the 
melting and refining of steel scrap, borings, drill- 
ings, punchings, etc., the production of ferro- 
manganese, ferro-chromium, ferro-vanadium, ferro- 
silicon, and spiegeleisen, the treatment of complex 
ores, carrying gold, silver, nickel, cobalt, zinc, cop- 
per, sulphur, lead, etc., the smelting of copper ores, 
and the melting and refining of non-ferrous alloys. 
The makers of the apparatus claim that in refining 
and alloying steels, the Ruthenburg resistance fur- 
nace is superior to furnaces of the induction type, 
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as it avoids losses due to radiation, keeps the bath 
in circulation, and has a very high efficiency as to 
current consumption. Either acid or basic hearths 
may be used, and the cost of —— upkeep is 
extremely low. Iron ores may be smelted in the 
furnace for the production of steel direct, 
furmaces for this purpose being fitted with the neces- 
sary appurtenances for introducing carbon monoxide 
for reduction purposes, while as regards the melting 
of scrap, inasmuch as in ordinary melting processes 
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Fic. 3.—GENERAL ARRANGEMENT OF 12-IN. 
ELECTRODE RUTHENBURG FURNACE. 


40 per cent, of any light steel scrap that may be fed 
into the furnace is burned and slagged, and con- 
sequently only 60 per cent. recovery made, it is 
patent that an electric resistance furnace is peculiarly 
suited for the work, as it makes possible a recovery 
of 100 per cent. in such melting work, with the 
expenditure of a minimum amount of energy. 
Regarding power consumption, more particularly in 
regard to steel, the makers state that 1,000 kw.-hours 
covers the complete consumption of energy for melting 
and refining wrought-iron and steel scrap. A slag of 
c2 
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burnt lime and pure iron is used, and the serap is 
largely tube billet borings, lathe turnings, pianer clips 
and armatute sheet punchings. The ingots are stated to 
be perfectly sound and particularly free from occluded 
gases. The power factor of the furnace is over 0.9, 
which is very high, and is remarkable for a furnace 
having as much iron in its construction as this type. 
Practically the only repair to refractories is in mend- 
ing the hearth. There is no loss in roof at all, a single 
rovf having been used for nearly three years. This is 
in strong contrast to some other furnaces used in melt- 
ing steel, in which the roof repair is one of the main 
items of expense. The makers claim that, given cur- 
rent at Os. 3d., which is a price obtainable from many 
central stations, a ton of steel may be produced at an 
inclusive cost of 30s. When it is considered that low- 
price scrap, i.c. tube swarf, turnings and borings, is 
used, this 30s. is more than offset by the low cost of 
the scrap. It is also to be remembered that 100 lbs. 
of clean scrap produces 100 Ibs. of steel. 

The sole right to manufacture Ruthenburg electro- 
metallurgical apparatus has been granted to the Brush 
Electrical Engineering Company, Limited, of London 
and Loughborough. 








The Weiss System of Briquetting 
Metal Borings. 


The question of the use of briquetted iron and non- 
ferrous metal borings for foundry work has been 
much discussed of late, particularly in the German 
technical Press. We append, therefore, some par- 
ticulars concerning the Weiss system of briquetting 
this material, which system has, we believe, been 
fairly widely adopted. 

The Weiss process has been developed during the last 
few years, and the iron and steel briquettes of this 
system are extensively used in Germany and Austria. 
In the briquetting plants on this system installed 
by the Ziegelungs-Syndikat, the borings are care- 
fully separated magnetically from dirt and dust, then 
mixed with limewater and deoxidising material (steel 
borings also with carbonising materials) and pressed 
under high pressure. The resulting briquettes, owing 
to the binding qualities of the limewater, become very 
hard after a short time, so that they will withstand 
the rough usuage incidental to carriage, and during 
charging and melting. The limewater also protects 
the metal from rust. 

To foundrymen who have experienced the troubie 
which usually accompanies the melting of borings, 
particularly in the cupola, the claims put forward 
for these briquettes may seem extravagant. It is 
stated that—* Briquette iron is softer than any other 
iron of the same tensile strength, which means a 
tougher iron. Speaking generally, it may be said 
that iron from briquetted borings has fhe qualities of 
charcoal iron, or iron melted in the air-furnace, owing 
to the refining process which takes place during the 
melting of the briquettes. Thousands of locomotive 
and steam-engine cylinders and other complicated 
castings, subject to severe specifications, have been 
poured from iron containing briquetted borings and 
no difficulties have been experienced in complying 
with the specifications. In mixtures to avoid spongi- 
ness—which is liable to occur on the surface of cast- 
ings having great variations in their sectional dimen- 
sions, as gear wheels with cut teeth—briquettes of iron 
or steel borings have always been successfully em- 
ployed.”’ 
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It is further claimed that the Weiss process allows 
the use of a very large proportion of briquettes in 
the charge, especially in the case of steel briquettes, 
which, without carbonising materials, can hardly be 
melted in amounts greater than 20 per cent. of 
the charge. At some “baby Bessemer” plants, we 
are informed, up to 80 per cent. of steel briquettes 
are being used, together with an iron high in silicon ; 
wr 40 per cent. of briquettes, 40 of steel scrap and 20 
of high-silicon pig-iron. These mixtures are said to 
give a very fluid metal. Some care has to be taken 
as to the proper mixture regarding silicon and 
phosphorus contents, and this has to be tested and 
ascertained by the founders themselves. The selling 
price of turnings briquetted by the Weiss process 1s 
given as being in Germany about 1s. 8d. per 200 lbs. 
(iks. 8d. per ton), for unalloyed briquettes. 

Brass and bronze briquettes produced by the Weiss 
process have an addition of lime which is combined at 
a high temperature and under high pressure with car- 
bonic acid, which in melting gives off CO,. This gas 
excludes the air from the crucible and prevents 
oxidation, while at the same time the additions flux 
the metal. We are informed that briquettes without 
any addition of new metal are being melted and 
poured direct, the resulting castings proving quite 
satisfactory. In the ordinary way metal melted from 
borings, either in the air furnaces or in the crucible, 
is of inferior quality, and has to be poured inté ingots 
and only used in small quantities with new metal. 
Some founders melt their borings by charging them 
in small quantities together with new metal; but 
this practice is liable to result in heavy losses of metal. 

The presses needed for the Weiss process are capable 
of exerting a pressure up to 500 tons, and produce about 
40 tons of briquettes per 10 hours, Only large com- 
panies can, therefore, run such a plant for their own 
use. Smaller works have their borings briquetted at 
some general plant which caters for the small founder. 








Sulphite Lye for Core-Making. 


The jeft bank of the River Elbe, from Pirna down 
for some distance, is lined with wood-pulp mills, 
which grind and boil the pine from the up-stream 
Saxon and Bohemian forests. As a waste product 
there was formerly a most unpleasant mixture of 
sulphite and woody fibre. This is now used most 
successfully in core-making for foundry work. The 
lye is of brown colour, readily soluble in water, and 
is used in the foundries at a density of about 35 deg. 
Beoumé. It contains in the form :-—-Water and 
substances volatile at 110 deg. C., 40.1 per cent. ; 
ash, 13.3 per cent.; combustible substances (organic), 
46.6 per cent. Of these components, none are in- 
jurious to the health of the foundrymen or the 
quality of the castings. The lye is mixed with water 
and the dilute solution sprinkled over the sand. The 
necessary proportions vary with the conditions, but 
in general one may say that for 1,000 Ibs. of sand 
5 lbs. of the concentrated lye are taken and mixed 
with sufficient water to give the sand the necessary 
dampness. The cores are firm and hard, dry rapidly 
and thoroughly, are very porous, and require no 
venting. The material may be used with ordinary 
nn sand, or with old sand ffom the cleaning 
floor. The cores are especially smooth, and where 
there are fine ribs, they are sharp and unbroken. In 
cleaning the castings the cores fall out as a dry 
powder; they do not need to be blackened, nor are 
core irons necessary. They neither boil nor fall apart 
when the metal is poured, and some founders prefer 
the lye to molasses and other mixtures. 











THE FOUNDRY TRADE JOURNAL. 


337 








Gas Cavities, Shot, and Chilled Iron, in Iron 
Castings." 


By Thos. D. West. 


‘ 

About eight months ago, at the request of the writer, 
the foundry journals and iron-trade Papers of this 
country and Europe kindly published an article solicit- 
ing samples of iron castings showing globules in gas 
cavities, solidly encased shot iron, hard streaks or spots 
in castings, and white areas inside of grey or soft iron. 
Those forwarding such samples were requested to give 
full information as to mixture, melting, shape of cast- 
ing, moulding, heat of pouring, ete. 

Losses by defects as stated in the subject title above 
have caused many firms much worry and trouble be- 
fore they could be made to disappear. The greatest 
annoyance, however, would arise from the fact that the 
trouble would be abated, but its origin could not be 
traced, and hence intelligent!y guarded against there- 
after. 

Experiences contributed by certain firms sufficed to 
counteract the theory often advanced that small chilled 
or hard bodies going into the cupola may cause hard 
shot, streaks, or spots in the iron castings. 


Shot Causing Hard Spots and Blow Holes in Iron 
Castings. 

A Massachusetts firm sent a samplé of defective cast- 
ing showing a small, hard button or “ shot ’’ loosely 
embedded within the nowel or down cast face of its 
surface. The peculiarity of this sample lies in there 
being a vertical, small blow hole leading directly from 
the top of the hard shot seen at A to the cope surface, 


























Flan View ‘Our - Xs “Dia 
‘Cope Face , , 
tf SS CTKwWYY 
x . net > = SS 
+ —— A Y - 
Al Nowel face F Down Cast Ena 
Fia. 1. Fig. 3. 


so that upon removing the shot one could see clear 
through the body of the casting, this being about a 
half inch thick. It gives evidence of the hard shot or 
foreign material while lying near the bottom surface 
of the casting emitting a gas which went upward 
through the molten metal to the sand surface of the 
cope, but not sufficiently fast to prevent the creation of 
the small, vertical blow hole shown. In order to 
clearly observe the full surface and character of this 
blow hole the sample was fractured and the hole is 
sketched closely, as seen in Fig. 1. 

Several samples of soft iron castings have been re- 
ceived containing solidly encased or cemented small 
bodies of strictly white iron. The term “cemented ” 
is used here, as the spots, or white bodies, are in no 
wise loose in the casting. They form a part of it, 
showing differences in colour of white and grey, but are 
as solidly united as this is possible for any two plastic 
materials, each of a different grade and colour, to be so. 
Not only is this defect obtained in a shot or spot form 
by founders, but also in streaks and bodies of consider- 
able area. Defects of these characteristics are most 
generally found at the upper cast body, face or edge of 
castings. 


* Presented j{before the American Foundrymens’ Convention, 
Pittsburg, May, 1911 


Experiments with Shot Iron placed in Moulds. 

Some shot iron was received by the writer which had 
been taken from a cupola spout after the bottom was 
dropped, on the supposition that it could cause blow 
holes if introduced into the mould. The experiments 
showed, aside from the “blow’’ question, that unless shot 
iron was up to a very high red heat, or near the fusing 
point (as is possible in many cases. when they are 
formed in pouring a mould), that casting metal under 
three-eighths inch in thickness would have little effect 
in melting them, unless they might rise to be embodied 
in nearly the middle body of the casting, especially if 
the shot are roughly over one-eighth inch in diameter. 
The shot which the writer used im the above experi- 
ments were placed on the bottom face of the mould at 
the end farthest from the pouring gate, so that the 
wash of the metal would not be so liable to disturb 
them. An examination of the castings when cold 
showed the shot in their original position and not 
united to the body of the castings, when fractured 
along a line in their position. 


Causes for the Creation of Shot Iron in Castings. 

The logical reasoning regarding the creation of the 
small, hard particles or metal shot found in some cast- 
ings is that they become suddenly separated from the 
general mass of metal during the pouring of a mould. 
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When thus separated they solidify so quickly that not 
sufficient time is given for the carbon to be separated 
out as graphite Hence the shot does not have the soft- 
ness of the rest of the casting which had more time to 
cool. 


The longer the distance a shot is sent through the 
air before it lodges and the cooler the air it passes 
through, the harder the shot. Affecting this also is 
the degree of dampness of the spot upon which the shot 
may lodge. Where shot is caught and covered by in- 
coming metal before it has time to become cooled below 
a red heat, the chances for their being hard and dis- 
coverable in a casting are not of course nearly as great 
as when they can become of a dark colour before 
being encased by the liquid metal. 

Particles of iren or shot may be formed during the 
falling of the metal from the ladle’s pouring lip by 
striking the sides of a pouring basin or gate; again, by 
falling upon a flat bottom inlet gate, as in Fig. 2; 
or when the metal reaching the mould strikes some 
obstruction fronting the gates to splatter the metal. 
In ordinary plain work there is prebably no feature so 
harmful in causing a splattering as having flat gate 
bottoms, as shown. The bottom of alk pouring gates 
should have more or less of a well (see Fig. 2), as 
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by this information, if there is hesitation for a moment 
or so when starting to pour, the first droppings from 
the ladle fall into the well shown, to stay there in a 
liquid bulk and not be spattered to create shot. 

In starting to pour the majority of moulds, especially 
those of a light work and stove plate character, there 
should be no momentary stoppage after starting, but 
from the instant the falling metal first strikes the bot- 
tom of a gate, there should be a steady and unbroken 
stream to rapidly fill the pouring, and kept so until 
the mould is filled. This applies to the flat top pour- 
ing gates generally used for stove plate, etc., as well 
as those of the joint character, shown in Fig. 2. 


Dampness and=Sudden Cooling, 

The too free use of a swab or sponge in wetting the 
joint of a mould, before drawing a pattern, or after 
this is done in finishing a mould, can easily harden or 
chill the metal parts of a casting formed where this ex- 
cessive dampness existed. Other causes are too damp 
a mixture of sand, hard ramming or insufficient vent- 
ing. Metal striking these damp sections will often 
bubble and splatter to a greater or less degree. This 
action can in some cases create suddenly chilled shot 
that will be carried to other sections of a mould to 
become encased in liquid metal and thereby give the 
white iron or chilled shot found in some castings. 

The above is not intended to account for all the white 
iron, chilled shot, streaks, etc., found in castings, 
especially those of a light work and stove plate char- 
acter. However, a solution of the phenomenon relat- 
ing to “‘ inside chill,” i.e., a white or chilled centre to 
a grey or soft casting, should greatly help founders to 
prevent some of these annoying and costly experiences. 


Creation of Globules in Gas Cavities and Blow 
Holes. 

The next defect to be considered is that of globules 
in gas cavities and blow holes, asin Fig. 3. These de- 
fects can be due to two conditions but emanating from 
one cause, and that is the creation of excessive gases or 
steam that cannot find its liberation from imprison- 
ment within a body of solidifying metal. They are 
found chiefly in the upper body or cast end of castings. 

Excessive gas, causing blow holes or cavities, may 
come directly from the metal or wholly from defects in 
moulding or pouring. Those due to the iron may be 
caused by oxides of iron or manganese reacting on the 
iron’s carbon, the former producing carbon mon-oxide 
gas, or on liberated graphite creating kish (although of 
the latter there is very little in remelted iron, it being 
chiefly found in direct metal at blast furnaces) ; also in- 
directly through sulphur, by reason of the formation of 
sulphide of manganese, and again by a foreign body 
like that possibly created by the mixture of iron oxide 
and dross (the latter may contain some kish in connec- 
tion with the dirt generally coming from clays of the 
cupola tap hole and spout, and other sources) forming 
a slag on the top of a ladle’s metal that could pass in 
small bodies into a mould at the starting of pouring. 
or later on before a mould is filled, through defective 
skimming. Thereby often large as well as small blow 
holes or gas cavities are formed. As a side issue it can 
be said that a ladle’s surface dross can easily cause dirt 
holes, pin holes, and a dirty surface to the finish parts 
as well as the rough surface of castings when skimming 
is at fault in pouring a casting. 

Gas cavities and blow holes due directly to defects in 
moulding and pouring are often due to not having 
properly tempered sand, regulated degrees of hardness 
in ramming, efficient means of venting, and correct 
methods of finishing cores and moulds, combined with 
experience in gating and pouring. 7 

Globules when suspended from the roof of a cavity, 
as at B, Fig. 3, are evidence that the cavity is probably 
due to something being wrong in the method or manner 


of making, gating or pouring the mould. The mould’s 
gases or steam creating these cavities may be originated 
during the filling of the mould, and again may not un- 
til some time after the mould has been filled, or before 
the main bulk of its metal has solidified. Imprisoned 
gases or steam, due to defects in moulding, form a 
cavity into which the outer body of liquid metal may 
with favourable conditions ooze to form loose shot or 
suspended globules, as seen at B, Fig. 3. The actions 
of globules or any liquid, also any special elements, 
fallen access to such cavities may continue at inter- 
vals for a short time after a gas cavity has been formed, 
or as long as the body of metal surrounding the cavity 
remains in a fairly liquid state. The larger the cavity 
the greater the chances of this action. Globules find- 
ing access to a gas cavity at its upper end, as in Fig. 3, 
may be credited to the law of specific gravity and also 
to the condition that heat rises and that the upper body 
of metal is as a rule more fluid than the lower. 

Cavities created solely through conditions of the 
metal, or its constituents, or again strictly by splashes 
of oxidised bodies of metal, or foreign solid matter 
should more generally present an unbroken, smooth 
bright surface. . The metal, or confined oxidized shot 
conditions that start these cavities are such as can in 
some cases continue the creation of gases to make a 
higher internal pressure, to prevent globules, liquid 
metal, etc., entering their space, than exists where 
gases become imprisoned from a source that cannot add 
to their volume, or increase their pressure, as would 
more generally be the case if created wholly by defec- 
tive moulding. 











Sketch Indicating Appearance of Section. 
Fic. 4. 


A casting may possess gas cavities that will be due to 
causes inherent in both the mould and the metal. 
This, for example, could occur through a‘ mould bub- 
bling or boiling its metal sufficiently to throw up small 
bodies or buttons of metal that would fall back oxidized 
into rising metal in the mould, and these bodies, but- 
tons or shot could, by reason of their oxidization and 
probable gathering of dross, create a gas to cause cavi- 
ties that would be companions to those created solely 
by the mould’s steam or confined gases imprisoned in 
the metal. (See Fig. 4.) 

T have little faith in sulphur or phosphorus forming 
blow holes in grey iron castings. Where mixtures are 
of a hard or chilling iron, I more seriously consider the 
sulphur and phosphorus excuses for blow holes or gas 
cavities, etc. 


Investigations by Mr, P. Munnoch, 

Among the letters that have come to my hands for 
consideration of this subject is one from Mr. P. Mun- 
noch, of the British Foundrymen’s Association, and as 
it presents some excellent information obtained by hard 
research work I take much pleasure in presenting the 
same as follows ; — 

















‘* The chief peculiarity noticed in connection with 
shot is that they usually occur in the upper portion or 
near the upper surface of a casting. Generally they 
are small in size and almost round. In some cases they 
entirely fill the cavity in which they are formed, in 
others they only partially fill the cavity. When frac- 
tured the appearance varies from grey to white. When 
machining castings the tool will usually jump over the 
white variety as this is extremely hard.” 

**The analysis given in Table I. shows the composi- 
tion of shot and buttons and also composition of cast- 
ings from which these were taken. They are arranged 
according to phosphorus content. Most of these an- 
alyses are from specimens obtained from large castings. 


Taste I.—Analysis of Metal, Shot and Buttons 
from Castings. 
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Taste Il.—Analysis of Castings from which Shot 
were Taken. 
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All the above analyses were cylinder heads except E, which 
was a pedestal. 


In some cases several ounces in weight were obtained, 
the holes from which they were taken being very much 
larger than the buttons of metal found in them.” 
“My first experiencg was with grey shot enclosed in 
small castings. In some cases these were apparently 
shot of metal splashed into the mould at the commence- 
ment of pouring, and then after oxidizing on the sur- 
face became enclosed in the liquid metal. Afterwards I 
came across some peculiar castings, from which I ob- 
tained large buttons and pieces sufficient to make com- 
plete analysis from. The analysis showed that these 
could not be merely splashes of the original metal, but 
must have been liquidated from the interior of the cast- 
ing after the greater part of the metal had solidified. 
The analysis of the buttons appeared very similar to 
that of the metal drops squeezed out of phosphoric pig 
iron after the metal had solidified, by submitting it to 
hydraulic pressure, in some early experiments by Mr. 
J. E. Stead. I therefore submitted some of the speci- 
mens and analysis to Mr. Stead, and his opinion was 
that blow holes were first formed, and these afterward 
became filled with the highly phosphoric liquate.’’ 


Obtaining Large Shot or Buttons from Gas Cavities. 

‘*Some large cylinder heads for blowing-engines sup- 
plied interesting specimens, pieces several ounces in 
weight being obtained. In some cases pieces or but- 
tons of different compositions were obtained from differ- 
ent parts of the same casting and pieces of different 
compositions were found in the same cavity. The cast- 
ings weighed about ten tons, the thickness varied con- 
siderably and the moulds were largely built up of cores, 
some of which were difficult to vent satisfactorily. The 
castings were square, with a circular web and flange run- 
ning around the top, and the holes were formed in the 
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top flange. The holes were only revealed after machining 
and after removing a good thickness of metal. The 
holes were large and the interior in most cases was 
bright, but in one or two cases small masses of oxide 
were found. The upper surface was smooth, with 
rounded projecting crystals, indtcating the rising of 
gases after a considerable thickness of metal at the top 
of the mould had set. The lower part of the cavities | 
showed signs of shrinkage in places, but the bottom 
was usually covered by the liquidated masses.” 

‘The buttons themselves were smooth, with a bright, 
mirror-like surface, which they retained after several 
years’ exposure to the acid fumes of the laboratory. 
The buttons were rounded at the edges, and therefore 
could not have been very fluid when run. ~ In some 
cases small shot were partly enclosed by larger masses, 
and this, together with the difference in composition, 
showed that the liquidated metal had not all entered 
the cavity at the same time, but at different periods 
of solidification. In some cases the small shot present 
appeared to have been squeezed into the cavity. The 
gray shot were similar to the casting in fracture, the 
mottled shot not unlike ordinary mottled iron, the 
white was much like white iron, but the outside part 
showed a crystalline appearance in the form of long 
crystals, interlaced and partly covered with a thin layer 
of graphite in some cases, There was evidently a con- 
traction of the outer shell or expansion in the interior 
set up after the metal was almost solidified and the 
pressure set up caused the still liquid portion to be 
squeezed from between interstices of the already formed 
crystals, into the cavity formed previously.” 


High Phosphorus Shot. 


“ For comparison, analysis of liquid which is squeezed 
out of low phosphorus forge pig-iron is given in Table 
TIT. In this case the exterior is solid and the contraction 


Taste III.—Forge Pig-Iron (Low in Phosphorus) 
With Portion Squeezed Out. 
(Pig-Iron.) (Liquate). 
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of the shell or expansion in the interior forces out some 
of the still liquid metal from the interior. In the case 
of the castings it is not the still liquid metal which is 
forced into the cavities, but the phosphorus-enriched 
liquid remaining in the spaces between the crystals, at 
the time when the pressure is set up. The liquid is 
gradually enriched in phosphorus until the phosphide 
entectic containing 6.7 per cent. phosphorus, 2.0 per 
cent. carbon and 91.3 per cent. iron is reached, and 
the amount of phosphorus in these buttons is an indi- 
cation of the period during solidification at which they 
were formed. The shot in which the phosphorus is 
very little different to that of the castings may in some 
cases be due to splashes of metal entering the mould 
at the commencement of pouring, becoming coated with 
oxide and becoming simply. encased in the following 
molten metal. Or shot may be formed by a compres- 
sive action similar to that illustrated in the case of 
forge pig-iron in which a portion of the still liquid 
metal in the interior of the casting is squeezed into a 
previously formed hole. In this case the composition 
would be much the same as that of the casting in which 
it is found. 


Efiect of Oxidising Condition on Metal and Shot. 

“ Generally the formation of shot holes and shot are 
most noted in iron which has been subjected to oxidis- 
ing conditions during melting. Instances of this may 
be seen when the first metal from the cupola runs cold, 
particularly when the softer variety of iron is being 
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melted. If this is caught in a ladle and allowed to 
solidify it often presents the appearance of a spongy 
mass full of shot, the holes and shot being coated with 
oxide and graphite. Should some of this be left in the 
bottom of the ladle and some hot fiuid poured over it, 
a boiling action follows, and if poured into moulds the 
castings produced contain many holes of the shot hole 
type. oles of this kind may be bright or tinted 
inside, they usually contain specks or flakes of graphite 
and often contain particles of oxide if the lower part.’’ 


A Review of Mr. Munnoch’s Research Work. 

The above description, analyses, etc., of Mr. Mun- 
noch’s researches are exceedingly valuable. The writer 
offers the following comments on causes and remedies 
for the defects cited. The first item he would call 
attention tois Mr. Munnoch’s statement of ‘‘some 
castings weighing about ten tons, with thicknesses 
varying considerably, and the moulds were largely 
built up of cores, some of which were difficult to vent 
satisfactorily.” If I were asked what was the cause 
of the buttons, shot, gas cavities or blow holes in the 
castings cited by Mr. Munnoch I would, to make a 
brief reply, say: “The moulds.’’ The character of the 
metal used had practically nothing to do with their 
creation. In other words, had the moulds forming 
these castings been poured with right temperature 
metal, through well-constructed skimming gates, with- 
out the occurrence of a flurry, bubble or boil, as the 
mould was filling up, or afterwards in the metal solidi- 
fying and being brought to a solid state by proper 
feeding, I venture to say that in all the castings not a 
single gas cavity or button of metal would have been 
found. 

Mr. Munnoch shows that he obtained some very large 
specimens of shot or buttons, such as a bubbling or 
blowing mould could easily create. These buttons or 
shot having been oxidised or covered more or less with 
a dross collectible in their upward and downward 
flight, would naturally create some gas cavities when 
liquid metal surround them. Another point that should 
not be lost sight of is the great chances there are for 
the creation of blow holes entirely free of either but- 
tons or shot in castings in which the metal had 
bubbled or “blown” when they were being poured 
and cooled to a solid state. 

A close study of the gas cavities cited by Mr. Mun. 
noch shows that there were two kinds. Some of these 
were formed by the gas created from an embedded 
button or shot. Others by the sole effect of gases or 
steam created by a mould or its cores endeavouring to 
escape from imprisonment, but being caught formed 
cavities into which were forced particles of the sur- 
rounding metal to form buttons or shot that might 
hang to their roofs or be loose in the cavities. 


Buttons, Shot and Gas Cavities created by Methods 
of Gating. 

The writer’s receipt of letters and samples brought 
some replies that while not strictly in the line sought 
for, bordered upon them so closely they are valuable 
enough to be considered herewith. In one special case 
a large retort casting was rejected on account of the 
existence of many cavities and large buttons of metal 
mixed with masses of dross in a certain location of the 
cope section of his casting. The sample forwarded is 
seen at Fig. 4. I came to the conclusion that the 
defects were wholly due to the method of gating used. 
The. mould was of green sand, and the metal rushing 
into it cut against some green sand fronting the gate 
for fully thirty seconds or more before it, reached a 
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level of the gate, so as to have metal in front of it to 
retard its cutting action. The inflow of the metal at 
the gate would on directly striking the bare face of the 
mould splatter in all four directions. The separated 
particles would fall back in partly solidified small bodies 
to often lodge on the top of dross created by the cut- 
ting action of the mould’s jnlet gate. As the metal 
rose slowly in the mould it lifted the accumulated 
bodies of mixed dross and solidified buttons of metal, 
carrying it all upward until striking a horizontal plane 
that imprisoned it to await a complete filling of the 
mould and solidification of the metal in it. 

As regard the effect of dull metal, one correspondent 
recalls once having made ten sets of milling machines, 
the V-slides of which required to be perfectly free of 
blow holes, and clean when finished. After the cast- 
ings had been on the planer, however, all showed shot 
iron in the top and cope V’s. He decided that the shot 
was formed by the air in the mould and while the 
metal was travelling over the body of the cores; also 
that the shots were carried up into the top V’s and 
the metal was not hot enough to re-melt the shot. The 
job was shifted to where a ladle could be swung right 
from the cupola to quickly pour the castings, and never 
another casting was lost because of shot iron. 


Creation and Effects of Oxides and Gases in Iron. 

Light work suffers, as a rule, from the oxidising con- 
ditions of melting and handling metal more than heavy 
work, causing light work founders to often have much 
trouble with hard spots, hard streaks and pin holes in 
their casting, shot iron in gas cavities being little in 
evidence with them. “4 

The action of oxides of iron in liquid metal is a good 
deal like that of excessive sulphur, it reduces fluidity, 
causing metal to be sluggish and scummy. Melting 
iron dull oxidises it more than melting it hot. The 
higher temperature protects the metal better from 
being oxidised by reason of its dropping more quickly 
from the cupola’s melting point through the fuel to 
its bottom bath and also by reason of the manganese 
and silicon in a mixture being brought to a higher 
fluidity to thereby the better assist the creation of a 
fluid slag for floating over a metal surface in a cupola’s 
hottom to the more annul the direct oxidising effect 
of the blast. 

Anyone giving much study to the various defects 
treated by this paper cannot but be greatly impressed 
with the importance of melting iron so it will come 
down as ‘‘hot ” and fluid as practical, as an agent to 
help prevent many of the defects cited herein. 


‘* Inside Chill”’ or White Iron Inside of Gray or 
Soft Iron. 

The occurrence of “ inside chill,” so called by Mr. 
Walter H. Wiard, chemist of a large foundry firm in 
Illinois, who wrote me on this subject, is so seldom as 
to be never seen in a life’s experience of a great many 
foundrymen. In the case in question the inside chill 
extended throughout the entire casting, and the de- 
marcation from the soft iron was very sharp and dis- 
tinct. Explanation for the ‘inside chill” has been 
published, but as far as TI can remember did not receive 
my approval and led me to believe that some experi- 
ments to actually produce such results at will were 
necessary before anyone could feel satisfied with a solu- 
tion of this problem. This the writer hopes to take up 
in the near future, and as an aid to this end he kindly 
solicits the experience and views of any that might 
think they could throw any light on this subject, as 
well as any of the other points treated by this paper. 
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Coke and the Foundry. 


By Richard Moldenke. 


A very instructive pamphlet on ‘‘ The Coke Industry 
of the United States as Related to the Foundry,” by 
Dr. Richard Moldenke, has been issued as a bulletin by 
the United States Bureau of Mines. The following are 


extracts : — 
Charging Methods. 


In the early times, when but little was known of the 
rationale of the process, it was fotnd that when a 
good bed of either anthracite coal or, later, coke was 
put in the bottom of the cupola and the top of this 
bed was a considerable height above the tuyeres, so 
that the first metal charged was a or above the hottest 
part of the fire when the blast was on, the metal would 
melt and could be tapped out and poured into castings. 
It was only necessary to keep on charging metal and 
fuel together into this fire, but in such proportion that 
the melting would proceed steadily at the rate shown 
by experience to be proper for the cupola. 

All that later practice did was to stop the indis- 
criminate manner of charging, and to separate metal 
and fuel into layers, so that the action would take place 
with some regularity and the mixture could be changed 
for different classes of work, and so that the metals 
could be caught with some degree of certainty during 
the melt. In view of the work of our early foundry- 
men it is a question whether this change im. practice 
has brought about a real improvement in the quality 
of the castings. Aside from the achievements of foun- 
dry metallurgy in the light of our present knowledge, 
it may be seriously questioned whether there is much 
truth in the general complaint of foundrymen that pig- 
iron has deteriorated in the last few decades. Pig- 
iron men hold that pig-iron has improved and not 
deteriorated, and certainly modern blast-furnace prac- 
tice is vastly improved, at least as to regularity in pro- 
duct. It would seem rather that the foundryman does 
not get as good results as formerly—that is, the foun- 
dryman who has no use for or does not know about the 
advantages of chemistry—because he cannot use the 
pig-iron as he formerly did. judging it by fracture. 
With the changes ih blast-furnace casting practice 
the appearance of the fracture is no longer even a 
reasonably reliable guide. 

Fortunately the introduction of chemistry, or rather 
metallurgy. into the foundry industry has dono 
wonders, giving us the means to control our mixtures 
and start the process right. whatever we do to spoil it 
afterwards. Hence. also, has developed the tendency 
in this country to test the product not by cutting pieces 
out of castings, but bv pouring test bars under condi- 
tions that give the metal as melted and poured into 
the castings the freest and best chance to show its 
qualities. 

Uncertainties of Cupola Melting. 


It is gradually coming to be recognised that the metal 
charged, be it ever so good, mav be affected by a num- 
ber of conditions during the melting and may turn out 
either as a creditable product or.as a very inferior one. 
This is not to be wondered at. Melting depends upon 
the transmission of heat from the fuel to the metal at 
such a rate and in svch degree that the solid mass of 
iron becomes liquid. 

The rate at which chemical changes proceed in the 
cupola, the intensity of the reactions, and the conse- 
quent need of keeping conditions just right throughout 
a heat are shown by the fact that under ordinary con- 
ditions it takes only one-fortieth of a second for a 
molecule of the oxygen in the air of the blast to pass 
from a tuyere through the incandescent bed and into 
that part of the charge too cold for chemical reactions. 


This brief interval is all the time the oxygen has to 
combine with the carbon of the coke, and (under cer- 


tain conditions) with some of the manganese, silicon, 


or carbon of the metal charged, or with some of the 
iron itself. 

Thus the management of foundry melting, whether 
in the gupola, air furnace, or open hearth, es & 
continuous struggle to get the valuable result of melt- 
ing while avoiding the deleterious effect (as shown by 
defective castings) of oxidation of the metal. It is no 
wonder, then, that there are still a few foundrymen 
in remote parts of the world who cling to the ancient 
but admirable crucible process, in which fuel and metal 
are not in contact. This process minimises the harm- 
ful effects of oxidation. Commercial reasons have prac- 
tically eliminated the crucible process for plain cast- 
iron, so those foundrymen who want the highest grade 
of work select the air furnace, or hearth furnace, as it 
is often called, or perhaps the open-hearth furnace 
with regeneration of air and gas as fuel. Tn each of 
these processes the metal is in contact, not with the 
fuel, but only with the gases. Therefore, if the pro- 
cesses are carried on properly, there is a smaller chance 
for oxidation of the iron than in the cupola; more- 
over, the metal as it rolls down in little drops is not 
impinged upon by a current of gases containing abund- 
ant free oxygen, as it is in the cupola. 

These statements do not mean that excellent metal 
cannot be made by the cvpola process—metal that will 
prove just as good under test as air-furnace metal of 
like composition—but the chances are not in favour of 
such success; and for the highest grade of product, 
especially if safety of life and limb may depend on it, 
such chances should really not b@ taken. 


Adjustment of Practice to Fuel. 


Normal coke has 50 per cent. cell space and has, 
pound for pound, practically double the volume of 
anthracite. Hence during the melt the downward 
movement of the metal within the range of the melt- 
ing zone must be twice as fast when coke is used as it 
is with anthracite. Therefore the difference between 
the first of the metal to melt and the last, with 
respect to the influences to which they have been 
exposed, is greater for a bed of coke as compared with 
a bed of anthracite of like weight. ‘That is, the first 
metal to melt is likely to be the same on either the 
coke bed or the bed of anthracite, but the last metal, 
especially if the charge is very heavy, melts much lower 
down in the coke-charged cupola, and is necessarily 
subjected to a greater oxidizing influences, because the 
blast low down in the cupola contains more free oxygen. 
When anthracite is used the part of the bed where the 
melting is actually done varies least in position. 

A study of the downward movement of the metal, as 
jrst stated, is important, as it suggests the way to make 
use, in regular casting practice. of practically every 
variety worthy of the name of foundry coke. Anthra- 
cite and coke, being practically identical in composition 

that is, containing the same percentage of ash. fixed 
carbon, sulphur, ete.—-differ radically onlw in physical 
structure. Thus. if the cell svace of a coke is 50 per 
cent., as mentioned above, the coke has twice the 
volume of an equal weight of anthracite. Now, not all 
cokes have the same cell space, and, moreover, cokes 
differ in percentage of ash, etc. Hence a given weight 
of coke varies greatly in volume, and consequently the 
behaviour of charges of iron melted with it also varies. 
The foundryman when changine his brand of coke makes 
the mistake of believing that ghe new kind ought to be 
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handled in the same way as the old. It may be possi- 
ble to do so if the two cokes have the same charac- 
teristics, but if they had not the foundryman is 
certain to get differences in results, which he usually 
ascribes to sulphur, high volatile matter, black ends, 
and what not. His coke dealer then hears from 
him. This difficulty is eo marked that even 
when the same brand of coke is bought the year 
round and trouble results. investigation of the con- 
signments often reveals substitution of coke from differ- 
ent companies located in the same general region. Blast- 
furnaces have this difficulty to contend with more par- 
ticularly. It is therefore highly important that the 
foundryman get his coke from the same ovens and the 
same coal mines—in fact, have it as nearly the same as 
it can possibly be made; if a change is desirable or 
necessary he should be informed, so that he can adjust 
his work to the changed conditions. 

In this respect: the retort-oven coke has a great ad- 
vantage. After the coals have been contracted for and 
the proper mixture has been established, the result will 
continue to be even as long as the coking process is 
carried out uniformly. Another advantage of retort- 
oven coke is the size and shape of the lumps. A retort 
oven is narrow, and the coking of a charge proceeds 
from the walls toward the middle: the result is a mass 
of coke that, when quenched, breaks Into short, thick 
pieces. The absence of thin fingers is decidedly notice- 
able. In comparison, the lumps of standard grades of 
beehive-oven coke are generally longer and thinner. 
The size of the lemps of fuel in a cupola charge has 
much to do with the progress of the heat, and the ab- 
sence of thin fingers accounits in a measure for the re- 
markable success of retort-oven coke when it was first 
used in foundries. Charges of coke having lumps that 
are uniform in shape and size give results similar to 
those obtained by using anthracite, which is marketed in 
screened sizes, because the uniform sizing of the fuel 
permits an even and regular penetration of the bed by 
the blast. 

In order to adjust the process to the varying character 
of the coke used for melting in the cupola, it is neces- 
sary not only to change the melting conditions, for in- 
stance, by using a milder or stronger blast according as 
the coke is light or heavy, but also to change the rela. 
tive weight of the metal and coke charges on the bed. 
A foundryman using heavy charges, though he may not 
know why, avoids coke with a large percentage of vola- 
tile matter. Such coke is necessarily underburned and 
light and ignites rapidly. spreading the melting through 
too large a volume. Very light charges will obviate 
much of this trouble, as the bed of coke will be kept 
more nearly uniform in height, and the melting will be 
done at the proper point. A coke in which the volatile 
matter is too high is virtually a gas coke and is too 
troublesome for use in the foundry, at least for cupola 
melting. Tt will serve well enough for all the other 
purposes. 

Before the question of charging is taken up it will 
be of interest to review the original tests made by the 
United States Geological Survey at St. Louis, in the 
Exposition foundry, where a collection of cokes was 
tested under identical conditions of melting. 


Coke Tests by the Geological Survey at St, Louis. 


The cokes above mentioned were made under the 
direction of A. W. Belden, of the United States Geo- 
logical Survey, and the melting tests themselves were 
made under the direction of the writer, assisted by 
Mr. Belden as executive. By being present at nearly 
every test, the writer was able carefully to gauge the 
behaviour of the several cokes and to determine thei 
merits for the foundry. The cokes were naturally 
selected for their probable fitness for foundry pur- 
poses ; that is, those having excessive sulphur and ash 
were barred. 


In all about 190 tests were made. Three thousand 
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pounds of metal were melted in each test. To have 
uniform conditions in the coke bed for each test and 
at the same time to suit the average coke made, the 
height of the bed above the tuyeres was fixed at 14 
inches as the standard, and this height was kept for 
every test. The upper tuyeres of the cupola were not 
used. <A melting ratio of 7 to 1 was adopted, as the 
diameter of the cupola was small. The coke for the 
bed was weighed and put in up to the proper point, as 
measured by a weighted wire. The weight of the 
several cokes for this constant bed varied from 180 to 
230 pounds, showing a considerable range in specific 
gravity—from the very light to the heavy cokes. 

Metal weighing four times this weight of coke was 
charged on this bed, to conform to the general custom 
of foundries, and the remaining successive charges of 
metal and coke were divided into four parts, so as to 
preserve the total ratio of 7 to 1, the coke charges 
varying from 50 to 62 pounds and the metal charges 
correspondingly. The blast was kept at about 7 ounces, 
and the time when the first iron appeared at the 
spout was noted. This time, which was five to fifteen 
minutes, was interesting as indicating how the coke 
behaved in burning and in allowing the iron to come 
into the melting zone. With the best results the iron 
came in seven to ten minutes. 

Necessarily for the extremely light and very heavy 
cokes such melting practice would mean disaster, and 
in fact the melting loss did point very markedly to 
such a result. Possibly this may also convince many 
foundrymen who still think it impossible to burn up 
iron in the cupola. The results showed the melting 
losses to be from 3.2 to 52.5 per cent. of the metal 
charged. The cupcla was continually slagged off, but 
in the worst case so much slag was made that it 
flooded the tuyeres and effectually stopped operations. 
When the bottom was dropped no metal was found 
remaining. It was evident that the lighter varieties 
of coke burned away so rapidly that the metal came 
to the lower portion of the melting zone much faster 
than it should have come. Moreover, as the original 
bed went down unduly for the melting of the first 
charge the subsequent coke charges did not bring the 
bed up to proper level again, and hence a Bessemeriz- 
ing of the metal took place almost from the very 
beginning. 

In tests of the very heavy cokes it was 
necessary to wait a good while before the 
bed had burned low enough to begin melt- 
ing. Necessarily at the fixed ratio of 4 to 1 
the first charge of metal on the heavy coke bed was very 
heavy. In this case also there was an undue lowering 
of the bed by the heavy metal] charge after the surplus 
coke had burned off to begin melting. What was worse, 
however, was that the heavy coke bed took so large a 
part of the total amount to be used that the upper coke 
charges were necessarily very.sma]), and the practical 
result was not only burned metal, but an insufficient 
amount of coke toward the end to continue the heat, so 
that the bottom had to be dropped. The general result 
of these heats with very heavy coke was burned iron 
for the beginning and unmelted iron in the cupola drop. 

Tt may be seen, therefore, that when the melting pro- 
cess with a normal coke gives good results it does not 
necessarily follow that every other coke will do like- 
wise; yet this is what the foundryman practically 
assumes when he changes his coke without making trial 
heats to see how to use it. 

It should be understood that the clean, silvery appear- 
ance of beehive-oven coke as compared with the dull 
black cast of the retort-oven product results principally 
from the manner of quenching. In the beehive the 
quenching is done within the oven, and as little water 
as possible is used. In the retort oven the red-hot 
charge is forced out and deluged with streams of water 
as it drops into the receptacles for the coke. © Conse- 
quently the retort-oven coke contains much more water 
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than the beehive product. The formation of steam in 
the cells and the condensation and consequent drawing 
in of the water seem to hold it tight within, and when 
once water is thus included it remains. Coke exposed 
to rain will drain off the water to a great extent, but 
the occluded water of quenching stays. In practice, coke 
with a little moisture does no great harm in the cupola, 
although the bed coke must be dry. There is, of 


course, a thermal loss in driving moisture off, just as 
a) Gee 
Moulding a Tup in Loam. 
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there is a great saving in the blast furnace in the use 
of artificially dried instead of natural air. 

Coke producers should therefore be urged to make 
thorough melting tests with their coke, so that when 
selling it they can advise foundrymen how to get the 
best results with it. This plan would save enormous 
trouble. 


(To be continued.) 


By Percy Jones. 


Every foundry at times suffers the ill-luck of having 
large castings turning out wasters, not always through 
imexperienced workmen, for the best of moulders will 
occasionally produce wasters. When such a thing does 
occur, the first necessity is to break the article up, so 
that it will go into the cupola to be melted down 
again. The ordinary pig hammer is of no use for large 
work, and what is known as the “tup’’ has to be 
brought into play. It is the writer’s intention to 
describe one method of moulding a tup for the above 
purpose-+a method that is economical, easy of execu- 
tion, and productive of good results. The moulding and 
process of making is in itself what would be termed in 
any foundry a “ plain job,’’ and so it is, once the right 
method is understood, and the proper tools to work 
with are at hand. By the writer’s method the mould 
is made by means of sweep and spindle (Figs. 1 and 2), 
with two open sand plates (Figs. 3 and 5) instead of 
box parts. Fig. 2 shows the tup in itself with the 
sweep board fastened to the spindle in the centring 
block. 

The first thing to do is to make a level bed, 
the diameter of the plates, on the foundry floor, using 
straight edges for the purpose. The centring block is 


Fic. 1. Fic. 3. 


MOULDING A CASsT- 


placed as shown in Fig. 2, exactly in the centre of this 
bed, dead level, and the plate shown in Fig. 3 is then 
placed also exactly over and perfectly level with the 
centring block. The spindle is inserted and the sweep 
fastened on to it. Bricks B (Fig. 4) are then laid in a 
loam mixture. It will be noticed that an opening is 
left between all the bricks as at C (Fig. 4). This is 
partly due to the impossibility of making close joints 
with ordinary bricks; but these open joints can be 
filled and rammed with small cinders, using the end of 
a flat file for the purpose. These small cinders act as 
vents, for the escape of the steam and gases, but the 
cinders should be riddled through a }-in. riddle and 
afterwards through a }-in. riddle so as to take out 
all those under } in. or over } in. in size. 


Having done this, the top of the bricks are freed from 
the small ashes and another course of loam mixture is‘ 


daubed over them as before. It will be noticed in 
Fig. 4 that in building up the bricks for the bottom 
half of the dome part, they will have to be placed a 
little further back each time, until the centre line is 
reached ; then they will have to be brought forward a 
little each time, until the dome part is complete. Hav- 
ing proceeded in this manner until the top has been 
reached, the entire surface is finished off with fine 
loam, which will give it a nice appearance. This part 
of the mould is now ready for the stove; having 
taken out the spindle and board it is placed by the 
crane on the stove carriage to dry. 

The other plate (Fig. 5), which is to form the top 
part and cover the mould, is now covered with the 
loam mixture, finishing it off with a flat piece of wood 
and finer loam. This is also placed in the stove to dry. 
When these are dry, the loam will be found to have 
cracked and opened. These cracks should be cleaned 
out with the pointed end of a file, and filled in with 
loam. Having done this, the mould can be black- 
washed, using a swab for the purpose, and placed 
again in the stove to dry. It is then necessary to dig 
out a hole in the foundry floor to receive the entire 
mould, making a level bed atthe bottom. The first 


Iron Tup IN LOAM. 


made part of the mould is then lowered down and 
rammed all round the outside walls to prevent burst- 
ing during casting. When doing this, great care must 
be taken to get the vent away. 

The mould is then ready for the top part. The 
staple is fastened through the slot made to receive it, 
by placing an iron rod through the eye of the staple 
and across the top side of the plate, so that it will be 
suspended in the mould, not being able to move the 
least during casting. The top part is placed exactly 
over the other, and both parts are clamped together 
by four long clamps which fit on the lugs of the top 
and bottom plates. The runner and riser pegs are in- 
serted and made up, and the tup is ready to be cast. 
A tup of strength, usefulness, and cheapness can be 


made in this way, which does away with making a 
wooden pattern, 
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The Installation and Equipment of a Small 
Brass Foundry. 


— —— on 


By A. Napier. 


(Continued from page 149.) 


Having arranged the general lay-out of the 
foundry, the disposition of the furnaces and other de- 
partments, and the style of furnace to be used, 
there are a number of minor details to be attended 
to. In passing, also, a word may be given regarding 
the ventilation of the building—a very important 
matter both as regards the health of the workers 
and the success of the foundry operations. The im- 
portance of ventilation in the brass foundry is better 
understood and appreciated to-day than was the case 
a few years ago; for the rapid removal from the 
foundry of the fumes incidental on brass casting has 
been insisted on in recent Government Regulations. 
Various ventilating devices and systems are available 
for handling the fumes during pouring and melting, 
but apart from these it is necessary to provide for 
a free current of air through the foundry —not. suffi- 
cient to cause an objectionable draught, but so that 
the air may be kept fresh for the workmen. This 
can be done by providing openings at the floor level 
and also in the roof. 

Where patent melting furnaces are installed, hoods 
or other apparatus are frequently supplied for taking 
away the fumes, but those fumes resulting from the 
oxidation of zine during pouring cannot be well 
avoided, and require to be quickly dispersed by 
ordinary ventilating means, such as fans or similar 
apparatus, where the natural current of air passing 
through the foundry is found insufficient. 

As regards the dressing room for the castings 
as they come from the moulds, this should be fitted 
with a bench, a few vices, and small tools for 
trimming the castings. A spruce cutter can often, 
with advantage, be also installed, in addition to the 
wbrasive wheels for grinding. 

As regards the drying stoves for moulds and cores, 
the size of the work to be dealt with will largely 
govern the size of these. For cores there are a 
number of handy ovens obtainable for heating by 
gas, if that fuel is available, though a coke fire, 
of course, may be employed. The essential is to have 
an oven which will easily accommodate all the cores 
which are likely to be required att one time, the fuel 
arrangements being such as will allow the mainten- 
ance of a2 maximum temperature of 400 degrees F. A 
similar but larger drying stove should be provided 
for drying moulds. The fuel for heating may be, as 
hefore, either gas or coke. A steam jacket, also, 
forms an alternative means for heating the drying 
stove, and has the advantage of cleanliness and con- 
venience. ‘The stove does not differ in essentials from 
those for iron moulds. It may be constructed from 
sheet iron, or brick may be used if the heat is ob- 
tained from a fire inside the structure. Waste heat 
from the furnaces may also, in some cases, be utilised 
for heating these stoves. 

A tank of water for plunging the castings 
shonid also be provided, for while many cast- 
ings are only sprayed with water on being taken 
from the mould, for certain classes of work 
they are plunged while still hot into a tank of water, 
the object being to obtain softer castings and improve 
the grain. This, however, is a separate subject, and 


not strictly to be considered under the heading of 
design and installation. Plunging castings that are 
cored has also the effect of blowing out the cores, and 
thus facilitating the operation of fettling. 

A department which should form an adjunct to the 
actual foundry comprises the dipping and colouring 
room and the lacquering rooms. Needless to say, the 
latter requires to be kept clean and free from the 
dirt and smoke of the foundry. This work, however, 
is distinct from the actual foundry, and will not be 
dealt with here. The same applies to the pattern- 
making department, which subject requires treating 
separately. 

A selection of crucible tongs to fit each size of 
crucible employed must be supplied, and in connec- 
tion with this it may be mentioned that the tongs 
should be regularly inspected to insure their fit. 
Through constant use, and as the shape of the crucible 
alters with use, the fit of the tongs becomes less per- 
fect, and the crucibles are liable to premature failure 
through badly fitting tongs causing undue pressure. 
It is, therefore, advisable to have two or more tongs 
for each size of crucible, one to fit when the pots 
are new, and the others to accommodate them as they 
become more and more worn and out of shape. 

The care of crucibles is an important matter in the 
brass foundry, for while with careful handling a pot 
melting brass may give wp to 40 heats, by misuse the 
life may be reduced to a very few heats. The life 
of a crucible, however, will depend on the metal being 
melted and on the rate of melting. Where quick 
melting under forced draught is the rule, the effect 
on the crucible is worse than when slower melting 
obtains, the ultimate heat of the furnace also being 
an influential factor. Either plumbago or Stour- 
bridge fireclay may be used for the crucibles, the 
latter being the cheaper in the first cost, though less 
durable. It is important in brass founding, as in 
steel work, to use good crucibles which will neither 
corrode nor unduly deteriorate through the changes 
of temperature to which they are subjected. They 
should be annealed thoroughly for several days at a 
moderate heat, ranging about 220 degrees F., or 
about the same as that employed for the core-drying 
stove. This ensures all the moisture being driven 
out, and prevents cracking in use. With large 
crucibles it is advisable to heat them for six or eight 
hours after annealing, mouth downwards over a slow 
fire. After the metal has been poured from the pot 
it should be drained quite clear of both metal and 
dross. If any attempt is made to remove metal that 
has cooled in the pot, it will probably result in 
damage to the crucible. After use the crucible 
should be stored in a warm dry place. While small 
crucibles may be poured by means of the tongs used 
to draw them out of the fire, a pouring shank is 
generally employed, this consisting of a form of tongs 
which encircles the ladle horizontally, and is held in 
position by passing a ring over the handles at one 
end as they come together, giving thus a handle at 
each end, by means of which two men can carry and 
pour the metal. 

In order to save unnecessary labour, the sand heap 











from which the moulders work should be placed in 
a convenient position. For small work a moulding 
tub should be provided, this consisting of a strongly- 
made wooden box about 3 ft. from back to front, and 
about 21 in. deep, provided with sliding bars and a 
nunvber of l-in. boards the size of the moulding boxes. 
The length of the tub will, of course, be governed by 
the space available and the requirements of the work. 

For brass work the moulding boxes are generally 
smaller than the usual run of ironfoundry boxes. A 
useful style of box has the sides hollowed out to form 
a long V groove round each half of the box. This 
formation retains the sand better than square sides, 
and the moulds are not so liable to break up or fall 
out. The ordinary square-sided box with a fillet 
round the edge, however, serves very well. For some 
work also the snap flask is used. When large work 
is to be handled the boxes may have cross bars cast 
across them, or wrought-iron bars may be cast in a 
similar manner to the bars in iron toundry ‘boxes. 
For small flat work oak moulding flasks fitted with 
top and bottom boards and screw clamps are suit- 
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able. After ramming, the boards are placed top and 
bottom of the flask, and the whole clamped together 


for pouring. Holes for the gates are provided m the 


ends of the flask. 


Finally, it is important thaj preparations 


should be made for collecting’ the skimmings from 


When it is cleaned or skimmed 
the refuse from thas and 


the molten metal. 
prior to pouring, 


similar process should be placed in a skimming box 


for further treatment. The metallic content of this 
apparently waste matter is high, and the value repre- 
sented considerable. The refuse may generally be 
disposed of at a fair price to smelters, or in some 
Not 
infrequently metal may be splashed on to the floor 
or sand, and unless care is taken to collect it, it will 
become wasted. All sand which has got such metal 
particles mixed with it should be gathered, fine 
sieved, .and washed to collect the metal. This, al- 
though dirty, can be melted down with a suitable 
flux, and though not, perhaps, suitable for good work, 
may be usefully employed for some purposes. 


. Moulding Box for Large Hollow-Ware. 


By A. Hamilton. 


The writer recently completed an order for three 
sets of castings, each set consisting of bottom, inter- 
mediate frame, and top frame, the outside size being 
3 ft. 6 in.x3 ft. 6 in.x18 in. deep. and each part 
weighing approximately seven cwt. The _ diffi- 
culty of making the castings without crane or such 
tackle for lifting and casting had, however, to be faced, 
and accordingly the moulding box described herewith 
was constructed, which did away with all lifting with 
the exception of the top part. 

After completing the pattern, which was screwed 
together at the corners, all bosses on the outside were 





] YD) 


Fic. 1.—CLosep Box. 








deeper than the pattern, each plate having two snugs 
cast on to correspond with the double snugs on the 
bottom part (see F, Fig. 1). The plates had also lugs 
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Fic. 2.—OpEN Box. 


MovuLpInG Box For LARGE HuLLOw-WARE. 


screwed from inside and unscrewed when the outside 
was rammed up. First was made the bottom part of 
the box with two sets of double snugs on each side 
with a hole cast in for a j-in. bolt, the centre of the 
bolt hole being ? in. below the parting joint, to ensure 
the mould leaving the pattern clean. Next was made 
the mid-part, which consisted of four plates one inch 


cast on at each end to bolt all four together, § in. bolts 
being used, as shown at © and D, Fig. 1. Lugs E 
were also cast on top of each plate for guiding the top 
art. 

' The most important parts of the box were the cheeks 
A and B (see Figs. 1 and 2). After the box was cast 
and properly fitted together, the pattern was put into 
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position on top of the bottom part, one inch above 
the joint; the cheeks A tapered to a knife-edge, as 
shown in Fig. 1, were fitted close up to the corner of 
the pattern and bolted to the end plates as shown 
in Fig. 2. The cheeks B were fitted in the same 
manner, but hard up to cheeks A, one inch from the 
pattern, as shown in Fig. 1. The top part was quite 
ordinary. 

Moulding was commenced in the usual way by put- 
ting down the bottom part on a level bed. It was 
filled wp with sand one inch above the joint, and the 
pattern put down. The plates were tried up, and 
everything being correct tlt plates were laid back and 
the bottom parting made, tapering the parting from 
the bottom edge of the pattern to the edge of the 
bottom part. The four plates (mid part) were then 
placed into position, bolted firmly together, and the 
outside of the mould rammed up first. This done, all 

















Fic. 1.—BorLer FRONT, 21N. THICK, 
MADE ON A JARRING MACHINE. 

crews were unscrewed from the inside, leaving 
all bosses, ete., free. After completing the core the 
top parting was made and the top part put on and 
rammed up, then parted. The bolts that held the mid 
part together were unscrewed and the plates swung 
back. The pattern was unscrewed at the corners and 
taken away from the core, 

After finishing off the mould and core the plates 
were swung back, bolted together again and every- 
thing made secure. A space between the cheeks at 
the corners will be noticed. This was filled up with 
sand and rammed firmly. There was no danger of 
sand getting into the mould, as the cheeks B were 
properly fitted to the cheeks A. The top part was 
then put on. This was the heaviest part and required 
ten men; two men did the rest. 

The three sets (or nine castings) were finished with- 
out accident, all the castings being good. The bottom 
part was never lifted or the mid part unscrewed from 
the bottom part. In doing this job in the manner 
described, the writer estimates that quite 25 per cent. 
was saved in the cost of moulding, and also the pat- 
tern making was reduced to a minimum. 








Ir is reported that the locomotive works at Kingston 
(Ontario), employing 600 hands, have been sold to a 
British syndicate. 
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British Foundrymen’s Association 
Lancashire Branch. 





The closing meeting of the 1910-1911 session of the 
Lancashire g Bees was held on Saturday, May 6th, 
1911, at the Municipal School of Technology, Man- 
chester, Mr. R. W. Kenyon presiding. ‘The first busi- 
ness was the election of officers for the ensuing Fae 
when the following appointments were made: Presi- 
dent, Mr. F. Penlington, Manchester; Vice-Presidents, 
Messrs. J. Simkiss, T. W. Markland, W. H. Sherburn, 
M.R.S.A. and W. Wright; Hon. Secretary, Mr. H. 
Sherburn, Rotherwood, Stockton Heath, Warrington. 
The vacancies on the Committee were filled as follows: 
Messrs.'R. W. Kenyon, A. Harrison, H. S. Skelton, 
F. Andrew, F. W. Robinson, and W. McVie. Messrs. 
T. H. Hawley and H. Grandidge were appointed 
Auditors. 2 

High appreciation was expressed and hearty votes of 
thanks were accorded to the retiring President and 
other officers for past services, on the motion of Mr. 
Hawley, seconded by Mr. Andrew. It was decided to 
hold extra propaganda meetings in various Lancashire 
towns during next session, with a view to stimulating 
interest in the districts where the Association is not 
so well known. The arrangements for the work were 
left in the hands of the Committee. 

Following the annual business, a very interesting 
discussion was raised on a foundry problem, introduced 
by Mr. Smith, in the absence of Mr. Cordingley, who 





.—THE MOULD FROM WHICH THE CASTING 
WAS MADE. 


was prevented by illness from giving his Paper on 
* Foundry Problems.” 








Moulding Thin Castings on a 
Jarring Machine. 


The mould for an exceptionally thin casting was re- 
cently made at the foundry of the Chandler & Taylor 
Company, Indianapolis, Ind., on a three-cylinder jar- 
ring machine supplied by the Arcade Mfg. Company, 
Freeport, Ill. ‘This casting, a view of which is given 
in Kig. 1, was a boiler front and the mould in which it 
was made is illustrated in Fig. 2. 

While there is nothing special about the size of the 
casting, which measures 6 x 8 ft., its thickness is re- 
markable, as itis only $in. Making these moulds with 
the aid of a jarring machine has resulted in at least 
doubling the output of the foundry. Prior to the instal- 
lation of this machine only one of these castings could 
be made per day. At the present time it is possible 
for one man to make three of these in a day, a re 
sult which is partly attributable to the use of moulding 
machines and also to the fact that the cope and the 
drag are made separately, the former not being put on 
the mould until the drag is completed. (“ Iron Age.’’) 
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The Small Jobbing Foundry. 


By Walter J. May. 


Whether the small jobbing foundry is carried on as 
an individual concern or as an adjunct to a works 
making other things and which requires the foundry 
for convenience only, it is generally the case that it 
is badly equipped for turning out work to the best 
advantage. In a small place the range of work which 
comes in is very wide, and, practically, all metals 
and alloys have to be handled from time to time. 
Unless the moulders are pretty smart they are liable 
to have to refuse work, owing to the lack of some 
necessary appliance. Of course, in a small place there 
is a limit to the weight of castings required to be 
made, but this does not limit size, and anything from 
a 1 Ib. sashweight to a 6ft. by 4 ft. gate may be called 
for in architectural work, while in machinery any- 
thing from a small wheel to the side frame of a fairly 
large machine may come in; and yet the weight limit 
may be as low as 5 ewt. to 6 cwt. for one piece in 
iron, while in brass or gunmetal castings anywhere 
from a few ounces to perhaps 250 lbs. will be called for. 

To make special flasks is difficult in many cases, 
and, indeed, the appliances for lifting heavy flasks 
are too often absent, and for this reason it is often 
compulsory to refuse work which might otherwise be 
done fairly well. In arranging lifting apparatus, al- 
though an overhead traveller may not be possible, it is 
desirable that sufficiently strong attachments for block 
tackle should be provided, and if nothing else can be 
arranged an overhead runway with a carriage and 
blocks of sufficient power should form a means of 
conveyance from the cupola to the part of the floor 
where heavy castings are made, while, with a little 
care, this runway with its lifting tackle can be adapted 
for handling large flasks if common sense is used. 

The first question to be considered is the melting of 
the metal. Usually for iron the cupola is the cheapest 
furnace, about 10. lbs. of eoke per 1 cwt. of iron being 
a fair quantity to use where the cupola and fan work 
properly. A plain cylindrical cupola of from 14 in. 
to 16 in. internal diameter is generally sufficient for 
a small foundry, but, of course, larger sizes can be 
used where the requirements of casting necessitate 
more than, say, one ton of iron at each cast. 

For brass and other alloys crucible melting has to 
be done, and it is well to have two or more furnaces 
of sizes to take different sized crucibles. Whether 
these be simply natural draught furnaces built of fire- 
brick, patent furnaces for natural draught, or mech- 
anical furnaces having forced draught, will depend 
largely on the financial] position of the person equip- 
ping the foundry. The appliances used in each foundry 
must, necessarily, depend on its particular require- 
ments. 

The floor, of course, must be of sufficient area to 
allow of the work being done on it, and, while too 
small a space cannot be worked advantageously, there 
is no reason why a large floor should not be utilised, 
for by having plenty of floor space there can be fewer 
casts, and this tends to economy. If a cast is made 
each day there is a loss of moulder’s time in actual 
moulding, but if the floor is cast up twice a week this 
loss is greatly reduced. This is, however, a matter of 
detail only to be locally determined, but, at the same 
time, it has to be carefully considered when arrang- 
ing a foundry. In any case space must be kept for 
brass and other alloys, this being quite distinct from 
the space allotted to iron. If this is not done trouble 
soon occurs owing to the dirt from the brass and other 
metals getting into the sand used in the iron moulds. 


A fair number of flasks should be provided, each 
set of six or twelve flasks of ordinary size having the 
parts interchangeable, and the middle parts, say one 
each of 2 in., 3 in., 4 in., 5 in., and 6 in. depth, 
should be provided so that three- or four-part boxes 
may be built up when this makes moulding easier. 
Beyond flasks of an area likely to be in common use, 
a few of extra size will be necessary occasionally, and 
often it is better to make, these when required, as 
it is very easy to have a good many ‘tons of flasks on 
hand without their being used for years, and as flasks 
cost £5 or £6 per ton to cast a lot of capital can 
soon be swallowed up. Care should be taken in 
moulding flask parts to ensure that the edges are 
square, and that the legs come in the right place, 
closed moulds always being preferable to open ones 
when making flasks. The holes for the pins, should 
be drilled by a template, to ensure that all parts, in 
each set of flasks, are interchangeable. All castings 
of this kind should be strong enough to be stiff with- 
out being clumsy, the size and shape of the flask 
determining its thickness. 

The supply of loose plant in the way of beams, 
chains, and other things which are often in demand, 


should be sufficient for the work taken in hand, and 


there should be a fixed place for everything, care 
being taken that each article is replaced as soon as 
done with. This is important with all things, and 
unless “a place for everything, and everything in its 
place,” 1s a maxim strictly adhered to, very consider- 
able leakages and waste must ensue. 

Usable stores, such as sands, blackings, and the like 
should be stored in proper bins and boxes, etc., 
according to what is being dealt with, and facing 
sands, parting sand, and the like should be prepared 
in spare time and stored ready for the moulders. 
Such things as blackings should be handed out to the 
mouldeis in tins, and some note should be taken of 
the quantity issued, for, although a moulder will not 
often waste his materials, if tins are scarce there is 
often an inducement to throw out blacking to sub- 
stitute something else. For this reason it is usually 
a good plan to get some pound and half-pound tins, 
similar to those used for cocoa, as these cost little, 
while they save a lot. 

Considerable care has to be taken with metals where 
small foundries are concerned, because only small 
quantities can usually be purchased, and these have 
to be dealt with in a manner to prevent loss. Iron 
should be kept in bins so far as new metal is con- 
cerned, and these bins must be labelled or marked in 
such a way as to identify their contents. More 
valuable metals, such as tin, copper, aluminium, and 
the like have to be stored and dealt with cautiously, 
as they are too costly to waste, while alloys should be 
kept in boxes or bins, with the content of the alloy 
carefully marked on them. 

Scrap iron should be sorted carefully before use, 
as with ordinary scrap there will usually be found 
several qualities, and each of these will have its uses, 
but, generally, it is desirable to have an outlet for the 
poorest stuff, such things as sash-weights, boat-bal- 
last, and the like providing a not unprofitable busi- 
ness if there is a sale for them. 

Scrap alloys should be carefully sorted, and it is 
then a good plan to run them down in large crucibles, 
or in an air furnace, so as to obtain, as far as possible, 
an even admixture of the content; ingots from this 
run-down scrap produce more regular castings than 
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if the scrap is melted as wanted. Some things, of 
course, should only be touched by an expert, such 
things as fine aluminium scrap, mixed antifriction 
metals and the like being out of place in the ordi- 
nary small foundry, and, for that matter, in many 
large ones as well. 

In a small foundry the men and lads employed have 
a great bearing on both the mechanical results and the 
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profits, and in no case does it pay to employ indif- 
ferent workmen. The wages account will, of course, 
be higher where the best men are employed, but, on 
the other hand, the work turned out will be better, 
a point of much importance when making castings for 
sale. Clean, well-dressed castings, which are true to 
pattern, always produces repeat orders, and these 
should be the things produced. 


=F VNC Vw 
Foundry Plant and Equipment. 


The Grimes. Roil-Over Core 
Machine. 


The jolt-ramming roll-over. core-¢making machine 
illustrated herewith, made by the Midland Machine 
Company, Detroit, Mich., U.S.A., has been designed 
for the producing of small moulds and for the 
economical production of cores, both regular and 
special coves of various shapes and sizes. Fig. 1 shows 
an air cooled cylinder mounted on a plate and fastened 
to the rotating table of the Grimes machine, with a 
completed mould at the side. The air-cooled cylinder 
is jolt rammed and drawn without wires to hold the 
ribs. In Fig. 2 the mould is shown after it has been 
jolted with the foot lever and clamped, ready to turn 
over. In Fig. 3 the table is raised and the flask is 


The New Haven Sand-Blast Barrel. 


A unique sand-blast rolling barrel is illustrated 
herewith. In this apparatus the sand mixer is con- 
structed within the barrel, making the whole quite 
self-contained. This form of construction has several 
advantages, amongst which are that there is no sand 
hose to wear out and replace, no extra room re- 
quired for the sand-mixer, and no labour expense 
to replace the sand or steel shot in the mixer after 
once used, the barrel automatically replacing the sand 
in the hopper inside the barrel. The sand or steel shot 
is used over and over again until it becomes dust, 

















Fic. 1.—OorE-MACHINE, 
WITH PATTERN. 


Fic. 2.—Corr- Box, 














CLAMPED AFTER RAMMING. 





Fic. 4—Box DRAWN 
OFF CORE. 


Fia. 3.—CORE BEING 
TURNED. 


THE GRIMES ROLL-OVER CORE MAKING MACHINE. 


being turned, the centre of gravity of the core being 
the centre of rotation. Fig. 4 shows the core on the 
two receiving arms and the core box raised from the 
core by pressing on the foot lever. 

For long work the receiving arms are swung out of 
the way and the core box turned without raising the 
table. The machine has three bars rigidly fastened 
at top and bottom, which form the sliding guides. 
The top connection between these bars forms the bear- 
ing for the long trunnion for the revolving table. 
For small light work the cl can be taken off and 
the plate held in place by hand, while rolling over the 
core. The cam and lever arrangement is counter- 
weighted, for ease of operating the machine. The 
machine is built in two sizes, with a lift of 10 in., 
which makes it possible to handle a considerable variety 
of work, both as a moulding machine and a core 
machine 


and is carried away by the exhaust. The nozzles 
may be replaced at a very small expense, and four 
to six of these nozzles are used in one barrel. 

The complete apparatus weighs nearly 4,000 lbs., 
having a solid cast-iron frame to support the barrel, 
The head of the barrel is stationary, and the barrel 
revolves around it, enclosing the nozzles ejecting sand 
under air pressure ranging from 40 to 80 lbs. No 
dust whatever comes from the barrel while it is in 
motion. The apparatus may be placed anywhere 
desired, the actual space covered being 5} square 
feet. 

Unlike the ordinary tumbling barrel, this appara- 


tus makes only three revolutions per minute, thereby 
diminishing breakage on the most delicate cast- 


ings to the smallest degree possible, and not round- 
ing the edges as is the case when tumbled with stars, 
etc. 
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As regards the details of construction, the inner 
barrel B (Fig. 3) is made from heavy sheet steel, 
having a number of holes which allow the sand after 
coming from the blast nozzles F and striking the cast- 


cates an exhaust pipe for removing dust, and H a 
removable guard plate for the stationary head. 


As regards the air pressure, either high or low 


pressure may be used, but between 40 and 80 Ibs. 





Fic. 1.—NEW HAVEN SAND-BLAST BARREL. FRONT VIEW, OPEN. 





Fic. 2.—Nrw HAVEN SAND-BLAST BARREL. 


FRONT VIEW. 


ings to fall through at the bottom of the inner barrel 
B to the outer shell A. As the barrel revolves the 
sand or steel shot falls into the buckets C, and is 
carried to the top of the barrel, where by its own 
gravitation, it falls back through the holes which it 
entered, passing through the screen E, which re- 
moves all foreign substances in the sand, into the 
sand-hopper D ready to be used over again. G indi- 


is recommended, using from 40 to 60 lbs. with 3/16 in. 
air nozzles, or 80 lbs. with six }-in. air nozzles. 





New HAVEN SAND-BLAST BARREL. 
DRAWING SHOWING DETAILS OF CONSTRUCTION. 








Rotary Sand Sifter. 


The foundry sand riddling machine shown herewith 
consists of two wire cloth cylinders 30 in. long, 
mounted in a heavy revolving frame. The mesh of the 
inner cylinder, which is 14 in. in diameter, is 4 in., 
while the 24-in. outer cylinder can be supplied with 
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whatever size of mesh is required, it being only the 
work of a few minutes to change the mesh. The sand 
is shovelled into the inner cylinder at the far end and 
both cylinders are rotated by the piston at the oppo- 
site end. By a system of lugs and rollers the riddle 
is jolted four times during each revolution, which 
breaks the lumps and prevents the sand from clogging 
the mesh. In this way the sand passes through the 
sieve as fast as it is thrown in, and as the sieve is 
tilted slightly the foreign matter passes out through a 
chute at the end of the machine. 

The frame of the machine is constructed of angle 
steel, which enables it to withstand hard usage, while 
at the same time two men can easily move it from 
place to place. The sifter can be operated either by 














** ARCADE”? RoTARY SAND SIFTER. 


hand or power. When hand operation is employed 
two men are generally required, one to shovel the sand 
into the sifter and the other to turn it, although there 
is a handle in the outer rim of the sand entrance so 
that one man, if necessary, can operate it without 
help, as the bearings are of the roller type and the 
cylinder revolves easily. The extreme height of the 
machine is 3 ft. 9 in. and the extreme width 2 ft. 5 in. 
The apparatus is made by the Arcade Manufacturing 
Company, Freeport, Ill., U.S.A. 





“FP,T.J.” Bookshelf. 


Assaying and Metallurgical Analysis. 

By E. LL. Rhead, F.I.C., M.Se. Tech , 
Humboldt Sexton, F.I.C., FCS. London : 
mans, Green & Company, 39, Paternoster Row, 

The analysis of materials has become so well recog- 
nised as a feature of first-class foundry practice, that 
no apology is required for bringing the s€&ond edition 
of ‘this book before foundrymen. Whether it be 
annealing ore, pig-iron, coke, or castings, it is be- 
coming every day more and more of an advantage 
to have the materials analysed as a check on their 
quality, and therefore every foundry student should 
include a knowledge of metallurgical analysis in his 
training. The authors of the book before us are well 
known in the metallurgical world, and their experi- 


and A 
Long- 
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ence has been such as to give them a good idea of 
the requirements of the student. Not for the student 
alone, however, has this book been prepared, but also 
for the chemist and assayer, for it is comprehensive 
enough to include the greater part of the work likely 
to be required in the laboratory or assay office. The 
directions for work and the descriptions of processes 
have been made as concise as possible, to reduce the 
size of the book; but by the inclusion of the chemical 
reaction of the metals the reasons for each procedure 
are made clear. As regards the scheme of the book, 
the first part is devoted to laboratory appliances and 
general processes, useful hints rather than full des- 
criptions being given. The second part considers 
first, under the name of each metal, the materials 
and products in which its estimation is commonly 
required, and then the various methods of conducting 
the assay. The third section deals with metallurgical 
analysis, and here the authors have endeavoured to 
group the various substances to be dealt with in a 
compact manner. 


The Production of Malleable Castings. 


By Richard Moldenke, Cleveland, Ohio, 
The Penton Publishing Company. 


U.S.A.: 


Recent years have witnessed many additions to the 
technica] litera:ure of the foundry and other trades, 
and many of these have proved to be valuable works, 
but probably none has constituted such a striking 
departure from the conservative and secretive spirit 
of the past as the book now before us. One can 
picture the anger and disgust with which past 
“malleable” men would have regarded the publica- 
tion of such a work, for with very few exceptions 
they would have pronounced such an act to be a step 
towards the ruin of the malleable castings trade. It 
is significant of the progress of the age, however, that 
Dr. Moldenke presents the result of practically a 
life’s study of “malleable” practice—what he de 
scribes as the story of the malleable casting as he 
has seen it develop. At last it is becoming recog- 
nised that if the trade is to keep its place in com- 
petition with steel, the old and venerable mantle of 
secrecy--we had almost said ignorance—must be dis- 
carded, and the trade must take its stand with the 
other metallurgical arts, and allow the eye of scien- 
tific investigation to probe deep into its mysteries 
and defects. In keeping with this idea Dr. Moldenke 
has outlined clearly the characteristics, properties, 
utility, and the processes of manufacture of malle- 
able castings, explaining very lucidly the essentials 
in each stage of the procedure. The book is devoted 
chiefly to the American, or “black-heart” process, 
and the information given may be accepted as quite 
authoritative on that practice. The chapter on 
mixing the charges for malleable iron is very in- 
structive, and shows clearly that, so far from being 
a_haphazard process, mixing for various classes of 
work may be reduced to a fine art. In connection 
with melting processes, the author describes the con- 
struction and operation of the air furnace and the 
open-hearth furnace, and in another chapter treats 
with the use of gas producers in malleable foundries. 
The subject of annealing, of course, occupies an 
important chapter, and here the construction of the 
furnaces and the details of the complete annealing 
operation are given. Other chapters deal with the 
use of the pyrometer in the annealing room, the cost 
of the castings, and the testing of malleable cast 
iron. Throughout the book there are presented many 
valuable hints, apart from the ordinary details of 
procedure, that speak of intimate acquaintance with 
malleable castings production, and for this particularly 
the book will be found valuable. A number of draw- 
ings and interesting photographs are used to illustrate 
the work, the latter including views of some typical 
modern American plant. ; 
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Queries. 


Estimation of Tin in Gun-Metal. 
Can any reader give a simple and inexpensive test 
for arriving at the percentage of tin in a gun-metal 


alloy ?—*R. K.” 


Hot Water Radiators. 


The writer desires to obtain information on the 
manufacture of hot-water radiators, the nature of the 
core-binder, and the preparation of the cores and 
moulding sand, and the methods employed to secure 
good and cheap castings.-—“ S. H.” 


Cupola with Drop-Bottom and Receiver. 


Has a drop-bottom cupola, working in conjunction 
with a receiver, any advantage over the ordinary type? 
There should be an economy in the coke bed, but 
could metal be delivered to the ladle as hot from the 
receiver as from an ordinary cupola?-‘“ W. G. Cc.” 


Answer. The use of a drop-bottom has more advan- 
tages than disadvantages, the former including 


greater ease in dumping at the close of a day’s heat. 
As regards a receiver, this apparatus is generally 
designed so that the waste heat of the cupola is 
utilised in the receiver. Where the metal is required 
to be uniform the appara‘us has the advantage of 
acting asa mixer. As to loss of heat, this should not 
be sufficient to outweigh the advantages of a receiver 
if the quantities of metal required at one pouring 
are great; in fact, the heat loss should not be 
materially greater than is involved in holding a 


quantity of metal in the cupola for a large pouring. 


Foundry Roofs and Stoves. 

Will readers give their experience with the “ Bel- 
fast” roofing for covering a foundry? Can it safely 
be employed for a foundry, despite the sparks which 
escape from the top of the cupola? 

Also, what are the advantages or otherwise of gas- 
fired stoves? Further, can electrically-driven cranes 
be made sufficiently delicate for jointing moulds, 
placing cores, etc.? That is, can hoisting and lowering 
be done as carefully as by hand?-—‘ W. G. C.” 


Polish on Iron Patterns. 


Can any reader give me particulars as to the best 
method of getting a good polish on iron patterns and 
pattern plates; also. as to any varnish, etc., suitable 
for the work? —“ J.W.W.” 








Titanium in Iron and steel. 


The effect of titanium in iron and steel manufacture 
appears to be as a powerful deoxidiser and denitro- 
geniser. It does not appear to act as an alloy in the 
ordinary sense of the term, but as a purifier. If ferro- 
titanium be used it is more advantageous to use an 
alloy with a comparatively low percentage of titanium, 
on account of the increased solubility of such ferro- 
titanium, but titanium in higher percentages is also 
manufactured alloyed with suitable proportions of 
aluminium and iron and aluminium and silicon, 
suitable for both steel and iron manufac- 
ture. Titanium is being extensively used in some 
of the best grades of high speed steels. The addition 
of about 0.12 to 0.16 per cent, is claimed to consider- 
ably increase the cutting power of these steels, 
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Trade Talk. 


Tue Rustiess Iron Company have removed from the 
Midland Works to the Trico Works, Keighley. 


Messrs. Donovan & Company, engineers, have re- 
moved from 12, Barwick Street, Birmingham, to 47, 
Cornwall Street, Birmingham. 


Tue offices of the National Metal Company have 
been removéd from 117-121, Holdsworth Street, Glasgow, 
t» 193, Broomloan Road, Govan. 


Ernest Scorr & Company, LimiTep, engineers, have 
removed their head office from Talbot Court, Grace- 
church Street, London, E.C., to Kingsway House, W.C. 


E. G. Wrietey & Company, Limirep, engineers, of 
the Foundry Lane Works, Soho, Birmingham, have 
established a branch at 60, Pilgrim Street, Newcastle- 
on-Tyne. 


Tue Highways Committee of the London County 
Council have recommended the acceptance of the tender 
of Hadfield’s Steel Foundry Company, Limited, for the 
supply of certain track work for the trams, at a cost of 
£13,245. 

CaMMELL, Larrp & Company, Limitep, have lately in- 
stalled at their Cyclops Works, Sheffield, a slab mould, 
which it is claimed will produce the largest ingots made. 


The mould weighs 110 tons, and the ingot will weigh 
120 tons. 


Tue partnership heretofore subsisting between Messrs. 
J. Downham and J. Byrom, carrying on business as 
engineers and machinists, at Fountain Street, Bury, 


under the style of John Downham & Company, has 
been dissolved. 


Tue firm of Rennie’s Steel Casting Company, Tol- 
cross, Glasgow, has been dissolved by the retirement of 
Mr. T. B. Rennie. The business will be continued 
under the same name by Mr. D. Rennie and Mr. G. 
Rennie, who will discharge the liabilities. 


Txe Tinol branch of the business of Messrs. Neville, 
Williams & Company, 80a, Southwark Street, S.E., has 
been converted into a limited company under the style of 
Bi-Metals, Limited. Messrs. Neville, Williams & Com- 
pany are continuing their engineering business as usual. 


James Kerra & Brackman Company, Lirrep, High 
Street, and Applegate Foundries, Arbroath, are making 
extensive additions to their premises owing to pressure 
of work. Negotiations are also preceeding for the 


acquisition of adjoining ground on which to erect new 
premises. 


Tue members of the Derby Society of Engineers 
brought a successful session to a close on May 12, 
when a paper on “ Electric Steel Furnaces ’’ was read 
and discussed. . In the unavoidable absence of the 
author, Mr. John Harden, of London, the paper was 
read by Mr. E. C. Ibbotson, of Sheffield. 


A petition has been presented to the Second Division 
of the Edinburgh Court of Session by Mr. D. Duncan, 
one of the partners of Messrs. Simpson & Company, 
scrap metal and machinery merchants, 19, Anderston 
Quay, Dublin, craving the Court to dissolve the firm. 
Lord Cullen has ordered intimation of the petition. 


Wm. T. Avery, Limitep, have successfully tendered 
to the Leeds Corporation to place one of their patent 
tram weighbridges at their sewage works. The platform 
measures 5 ft. by 2 ft. 6in., with a weighing capacity 
of 5 tons by 7 lbs. divisions, but strengthened to carry 
locomotives weighing 7 tons. The weighings, with gross 
and tare, are printed on tickets. 


Ox May 6 the members of the Middlesbrough and 
District Association of Foreman Engineers and Chief 
Draughtsmen held their forty-first annual dinner. The 
President of the Association (Mr. J. Armstrong) yielded 
the chair for the evening to Mr. F. A. E. Samuelson, 
J.P., and he was supported by a gathering which was 
thoroughly representative of the engineering and allied 
trades of the district, 
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Mr. H. Spannacet, of Broad Street House, New 
Broad Street, London, E.C., agent for the Maschinenbau 
Actiengesellschaft vorm Gebruder Klein, having accepted 
an appointment with another German engineering firm, 
at Dortmund, has closed his office at Broad Street House. 
Veithardt & Company, Limited, 26 an@ 27, Bush Lane, 
Cannon Street, London, E.C., have been appointed by 
M, A. G. v. Gebruder Klein as his successors. 


Tue members of the Faraday Society met on May 2 
at the Institution of Electrical Engineers, Victoria 
Embankment, W.C., when the following papers were 
read :——“‘ Hydro-Electric Plants in Norway and their 
Application to Electrochemical Industry,” by Mr. A. 
Scott-Hansen; “ Electro-Metallurgy in the Steel Foun- 
dr-.”’ by Mr. Verdon Cutts; and “ Two Simple Forms 
of Gas-Pressure Regulators,’’ by Mr. Edgar Stansfield. 


Ar a recent meeting of the shareholders of the Star 
Foundry, Limited, resolutions were passed winding up 
the company voluntarily, appointing Mr. H. Lee, of 
Blyth, as liquidator, and approving the draft agreement 
for the sale to the Blyth Shipbuilding and Dry Docks 
Company, Limited, of the property and undertaking of 
the Star Foundry, Limited, in consideration partly of 
cash payments, partly debentures, and partly of partly 
paid-up shares of the purchasing company. 


Messrs. Georce Green & Company, of Keighley, 
Yorks., have shipped a foundry equipment for one of 
the Japanese Sodipardi, including a pair of their No. 
12 size rapid “Economic” cupolas, fitted with drop 
bottoms and receivers, each for melting 10 to 12 tons of 
iron per hour, together with complete sets of lining, 
10-ton geared ladle, etc. The same firm have also in 
hand several complete foundry equipments for new 
foundries erecting in England and abroad. 


A scueme of what are called “ industrial bursaries ”’ 
has been formulated by the Commissioners for the Ex- 
hibition of 1851, which exists for the purpose of ad- 
ministering the income from the profits of the Great 
Exhibition. The object of the bursaries is to provide 
for talented but poor students of science who, on leav- 
ing college, are without the means to tide over the usual 
interval of a year or two before they can obtain remunera- 
tive employment in some engineering, chemical, or other 
manufacturing worka. 


As indicated by. Mr. \W. L. Hitchen (chairman of the 
company), at the last annual meeting of Cammell, Laird 
& Company, Limited, the head office staffs at Birkenhead 
have been concentrated in one central building at Tran- 
mere. Mr. R. Ratsey Bevis, the managing director, 
has established his headquarters at these new premises. 
and Mr. E. H. Mitchell, the new general manager, and 
Mr. J. W. P. Laird, recently appointed secretary to the 
works, also’have their offices in the same building. Mr. 
R. Laird has been appointed as manager of the repairs 
department. and a suite of offices are to be opened in 
the Royal Liver Building, where Mr. R. Laird, with a 
staff, will make his headquarters. 


Tae annual meeting of the Birmingham section of the 
Institute of Metals was held on May 2, Mr. G. A. 
Boeddicker presiding. The report stated that the first 
session of the section had been very successful. There 
was a membership of 45, and a considerable increase Was 
to be expected during the coming session. The finances 
were in a sound condition, there being a balance in hand 
at the end of the session. To meet a generally-expressed 
wish, it had been decided to admit associates to the 
local section. The report was adopted, as also the 
balance-sheet, which recorded a balance’ in hand of £5. 
Officers were elected as follows :—Chairman, Mr. G. A. 
Boeddicker; secretaries, Messrs. G. G. Poppleton and 
R. M. Sheppard; and treasurer, Mr. S. M. Hopkins. 

Tue Home Secretary has issued a notice to the effect 
that on April 29 he made an order under Section 116 
of the Factory and Workshop Act, 1901, applying the 
provisions of that section, with modifications, to fac- 
tories and workshops or parts thereof in which the 
making of iron safes is carried on. The order cam2 
into force on June 1. Sections 107 and 108 are also to 
apply to the making of files, iron and steel cables and 
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chains, iron and stee] anchors and grapnels, locks, latches, 
and keys, brass, etc. The Home Secretary has also issued 
a notice to the effect that on Aprl 10 last he 
made an order under sections 107, 108 and 110 of 
the Factory and Workshop Act, 1901, repealing and 
re-enacting the Home Work Order of May 23, 1907, 
with the following extension:—The application of the 
provisions of sections 107 and 108 to the manufacture 
of brass and of any articles or parts of articles of brass 
(including in the term brass any alloy or compound 
of copper with zinc or tin). 


A DIFFICULT operation was successfully carried out 
by the Midland Railway Company in the early hours 
of May 1, when two huge castings intended 
for the battleship “ Audacious,’’ now under construc- 
tion at Messrs. Cammell, Laird’s yard at Birkenhead 
were conveyed from Sheffield to Liverpool. Each of 
the castings is of about 36 tons weight, and to convey 
them from the Brightside Foundry and Engineering 
Company's works at Sheffield to their destination called 
for the greatest care and calculation. Each casting, 
when loaded on two 40-ton armour-plate trollies of the 
Midland Railway Company, measured 12 ft. 4 in. in 
width, whilst the maximum height from rail level was 
10 ft. 7} in. The total weight was over 100 tons. At 
the maximum height the width of the casting was 
8 ft. 3 in. Projecting as they did over platforms, the 
loads had to be kept to a clearance of 4 ft. O} in. 
above the rails. The difficulty of the undertaking may 
be understood when it is mentioned that the ordinary 
width of a load is 9 ft., and that any excess over this 
is worked under special conditione. 


Tue second annual report of the International Elec- 
tro-techr ical Commission was issued recently. There 
are now 17 different countries in which an Electro- 
technical Committee has been formed, in the majority 
of cases with the assistance of their respective Govern- 
ments. The latest adherents are Holland and Switzer- 
land. In the near future a small international Com- 
mittee appointed at a Conference held in Brussels in 
August, 1910, consisting of Dr. Budde (Germany), Dr. 
Silvanus Thompson (Great Britain), M. Eric Gerard 
(Belgium), and M. Brunswick (France) is to meet and 
discuss the work on nomenclature. This Committee is 
to prepare a list of terms and definitions dealing with 
the one subject of electrical machinery, which list is 
to be ratified by the full meeting of the Commission 
to be held at Turin in the beginning of September 
next. Most of the Presidents of the European Com- 
mittees have signified their intention of being present 
at Turin, and, if the success which attended the 
Brussels meeting follows the Commission to Turin, as 
no doubt it will, the work accomplished should cer- 
tainly be of a very practical and useful nature. 


STateMents have appeared in the daily Press lately 
to the effect that the British Westinghouse Electric 
and Manufacturing Company, Limited, Trafford Park, 
Manchester, is about to cease the manufacture of gas 
engines. These statements are due to a misunderstand- 
ing, and are entirely erroneous. It appears that at 
some of the previous meetings of the company refer- 
ence was made to negotiations which were proceeding 
for a licence to manufacture a large horizontal type of 
Continental engine in sizes above 1,000 b.h.p. The 
Board of Directors, after carefully considering the mat- 
ter, decided that there was not enough work, nor were 
the prices sufficiently good to warrant the outlay on 
the machinery and the organisation necessary to enter 
into the manufacture of this particular type of horizon- 
tal engine. Since the inauguration of the company’s 
works at Trafford Park they have been manufacturing 
vertical gas engines in all ‘sizes up to and including 
1,000 b.h.p., known as the Westinghouse vertical tan- 
dem engine. In order to more fully meet the require- 
ments of the market below 100 b.h.p., the Board have 
authorised the building of fourteen sizes of small hori- 
zontal type single-cylinder engines. 


Tue Council of the Institution of Civil 
gineers have made arrangements to hold a 


(Continued on puge 354.) 
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AS SUPPLIED TO THE ADMIRALTY, WAR OFFICE, 
COLONIES, AND FOREIGN GOVERNMENTS, 


THE Cupola. 
Evans’s Rapid. 


Foundries Completely Furnished. 























EVANS’S NEW CUPOLETTE 
For Emergency Work. 





Se Ue) James Evans & Co., 
ie Ny a Be a, Britannia Works, 
Blackfriars, 


Telegrams: ‘‘LADLES, MANCHESTER.” 


MANCHESTER. 
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ference on the subject of the education and training 
of engimeers, at the Institution, on the 28th 
and 2%h June. They are. of opinion that the 
present is a desirable tame to consider the methods of 
preparation to be adopted by those who contemplate 
entering the engineering profession, in compliance with 
conditions laid down by the by-laws for election into 
the Institution. It is intended to deal with this con- 
ference on broad lines; and it is desired to avoid re- 
stricting it to engineers only, much less to those who 
practice any particular branch of engineering. The idea 
of the Council underlying this conference is that whilst 
the general principle embodied in the Institution by- 
laws in regard to both education and practical training 
may be accepted as an expression of the general view 
of the large body of engineers who co the In- 
stitution, there remain still unsettled a number of 
questions bearing upon the details of preparation to meet 
these conditions, Mxperience has shown that difficulties 
arise both in the stage of general and scientific education, 
and perhaps especially in that of practical engineering 
traimng, and it is thought these may be met or overcome 
in gome degree by means of discussion of the several 
questions in detail, which seem to affect the root of 
these difficulties. The subject-matter of the conference 
will be dealt with in three groups, viz. :—(1) General 
education; (2) scientific training; (3) practical training. 
The following officers have been elected :—President of 
the Conference, Alexander Siemens, President Inst.C.E. ; 
Vice-Presidents of the Conference, the Right Hon. 
Walter Runciman, President of the Board of Education, 
the Right Hon. Lord Pentland, Secretary for Scotland, 
Sir John Wolfe Barry, Past-President Inst.C.E. ; 
Sir William H. White, Past-President Inst.C.E. ; 
Honorary Secretary, James Forrest; General Secretary, 
J. H. ‘lt. Tudsbery; Section of General Education :— 
Chairman, Anthony G. Lyster, Vice-President Inst.C.E. ; 
Vice-Chairmen, B, Hall Blyth, and H. A. Miers, Prin- 
cipal of the University of London; Honorary Secre- 
taries, D. C Capper and E. P. Hill; Section of 
Scientific Training :—Chairman, W. C. Unwin, Vice- 
President Inst.C.k.; Vice-Chairmen, Sir Alexander B. 
W. Kennedy, Past-President Inst.C.E., and W. H. 
Maw; Honorary Secretaries, J. D. Cormack and Capt. 
H. Riall Sankey; Section of Practical Training :-— 
Chairman, R. Elliott-Cooper, Vice-President Inst.C.E. ; 
Vice-Chairmen, E. B. Ellington, James Swinburne, and 
W. B. Worthington, B.Sc.; Honorary Secretaries, J. W. 
Jacomb-Hood, E. W. Monkhouse, and Basil Mott. 





New Companies. 





Wiean Enoingerine Company, Limirep.—Capital 
£10,000 in £1 shares, to take over certain patents granted 
to T. Moss and W. Moss. 


HARDEN, Star, Lewis & Srncrarr Company, Limirep. 
Capital £5,000 in £1 shares, to carry on the business 
of machinery manufacturers, etc, 


Samuet Peace & Sons, Liuirep.—Capital £10,000 in 
£1 shares, to carry on the business of steel and file 
manufacturers, iron and steel merchants, etc. 

Gyro MANUFACTURERS, Limitep.—Capital £2,500 in 

£1 shares, to take over the business of the Gyro Manu- 
facturers, Leicester, and to carry on the business of 
ironfounders, etc. 
_ Tuomas Hotier & Company, Liwrrep.—Capital £500 
in £1 shares, to take over the business of a brassfounder 
carried on at Newhall Street, Birmingham, as Thomas 
Hollier & Company. 

Ricwarp Crirrann & Company, Luwrrep.—Capital 
£15,000 in £1 shares (10,000 preference), to carry on 


the business of engineers. Registered office: 197, 
Wardour Street, W. 


Duncan Stewart & Company, Laimrrep.—Capital 
£50,000 in £1 shares, to carry on the business of general 
and manufacturi engineers and contractors, mill- 
wrights, boiler-makers, etc. 





WELLINGs anp Company, Limirep.—Capita] £1,000 in 
£1 shares, to take over the business of W. H. Wellings, 
Stanley Works, Wilson Street, Wolverhampton, and to 
carry on the business of engineers, etc. 


ENGINEERING Works (ELECTRICAL AND GENERAL), 
Liurrep.—Capital £3,000 in 2,925 74 per cent. prefer- 
ence shares of £1 and 1,500 deferred of 1s. Registered 
office: 7-8, Great Winchester Street, E.C. 

Cates A. V. Atuen, Lowitep.—Capital £2,000 in £1 
shares, to carry on the business of constructional engi- 
neers, founders, etc., as formerly carried on by C. A. V. 
Allen at High Street, Princes End, Tipton. 

Mowat’s Pionerr Grit Company, Limirep.—Capital 
£2,000 in £1 shares, to acquire and carry on the business 
of D. Mowat & Sons, chilled iron sand manufacturers. 
Registered office: 11, Holland Street, Aberdeen. 

Georce Dennam & Company, Limitep.—Capital 
£5,000 in £1. shares, to act as fitters, iron and steel 
founders, engineers, pipe and tube makers, etc., and to 
acquire the business of George Denham & Sons, Limited. 


Buckman ForeicN Patents Synpicate, Limirep.— 
Capital £1,000 in £25 shares, to carry on the business of 
engineers, etc., and to adopt an agreement with R. 8. 
yn Registered office: 2, Clement’s Inn, Strand, 
w.c, 

Gittert-StreET ENGINEERING ComPaNy (PRESTON), 
Limirep.—Capital £10,000 in £1 shares, to take over 
the business carried on by W. Worden, N. Miller and 
J. Clarke, at Preston, a8 the Gillett Street Engineering 
Company. 

Precision Toot Company, Limirep.—Capital £1,000 
in £1 shares, to acquire the business of the Precision 
Tool Company fete Wood & Knight), Bristol Street, 
Birmingham. gistered office: 404, Bristol Street, 
Birmingham. . 

ArcHinaALp Low & Sons, Limirep.—Capital £25,000 
in £1 shares, to acquire the businesses of Archibald Low 
and the Partick Brass Foundry Company, Merkland 
Works, Partick, Glasgow. Registered office: 78, Merk- 
land Street, Partick, Glasgow. 

INTERNATIONAL SreEL Company, Limirep.—Capital 
£25,000 in £1 shares, to acquire any invention relating 
to the manufacture or production of metals, alloys, or 
similar substances, etc., and to adopt an agreement 
with the Hansen Tarlton Syndicate. 

Cc. W. Wattace, Bruce & Company, LimiTeD.— 
Capital £10,000 in £1 shares, to —s the engineering 
business 7 carried on by C. W. W. Bruce, at 
Barrack Road, Newcastle-on-Tyne. Registered office : 
12, Barrack Road, Newcastle-on-Tyne. 

Victoria Brass Founpry Company, Limirep.—Capi- 
tal £8,000 in £1 shares, to acquire and carry on the 
business of Ebenezer Chalmers, Bonnington, Leith, carried 
on under the name of James Buchanan & Company. 
Registered office: 236, Leith Walk, Leith. 


Ws. Campsett & Company, Limitep.—Capital £6,000 
in £1 shares (3,500 preferred), to acquire and carry on 
the business of brassfounders, general metal merchants, 
etc., carried on at Belfast, under the style of Wm. Camp- 
bell & Company. Registered office: 6, Talbot Street, 
Belfast. 

Steen AND GaRtaNp (1911), Lirrep. — Capital 
£10,000 in £1 shares, to acquire the business carried on 
at Worksop, Notts, and elsewhere, by Steel and ~Gar- 
land (1905), Limited, and to carry on the business of 
manufacturers,of and dealers in stove grates, hot air 
stoves, etc. 

R. G. Hortaxp & Company, Limrtepn.—Capital £12,000 
in £1 shares, to carry on the business of manufacturers 
and sellers of and dealers in steel, iron, and other metals, 
etc., and to acquire the business carried on by the late 
R. G. Holland, of Sheffield. Registered office: Clarence 
Works, Burton Road, Sheffield. 

R. H. Patrerson & Company, Liurrep. — Capital 
£10,000 in £1 shares (3,000 6 per cent, cumulative pre- 
ference) to take over the business of an engineer, iron 
and machinery merchant, valuer and assessor, carried on 
by R. H. Patterson, at Forth Street Works, Newcastle- 
on-Tyne, as R. H. Patterson & Company. 
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KEITH-BLACKMAN 
HIGH PRESSURE BLOWERS. 


For AIR BLAST to 
SMITH’S HEARTHS, 
CUPOLAS, FURNACES, 
BRAZING TOOLS, &c., 











BELT-DRIVEN, or directly 

combined CONTINUOUS or 

ALTERNATING CURRENT 
MOTORS. 





> JAMES KEITH & BLACKMAN CO., LD. 
07, FARRINCCON AVENUE, LONDON, 

















“PORTWAY” 
CORE OVENS 


The Newest and Best in the World. 


MADE TO CONSUME GAS COKE, 
REFUSE CINDERS, GAS, etc., etc. 


These Ovens are also suitable 
: :: for Japanning Work. :: :: 


SEND FOR LIST TO 


CHAS. PORTWAY & SON, 


HALSTEAD, ESSEX. 
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Inventions. 


Applications for Patents. 





An asterisk indicates that a complete specification accom- 
panies the application. When inventions are communicated 
the names of the communicators are in brackets. 

8,362. Annealing or heat treatment of metals and alloys 
and apparatus therefor. T. V. Hughes. 

8,498. Manufacture of steel. T. D. Mackie and G. F. 
Forwood. 

8,514. Muffle furnaces. A. C. Ionides, jun. 
8,671. Furnace for the melting of all metals requiring 
the use of the crucible. J. E. Bayley. 
8,817.*Sand moulding machines. Soc. Anon. des Etab- 
lissements Ph, Bonvillain and E. Ronceray. 

8,818.*Moulding machines. Soc. Anon. des Etablisse- 
ments Ph. Bonvillain and E. Ronceray. 

8,897. Manufacture of chrome steel. G. Feodosieff. 

8,901.*Electric furnace. E. Stassano. 

8,998.*Electric furnaces. (J. E. Florence, United 
States.) 

9,031. Smelting or refining of metals in crucibles. ns G. 
Solomon. 

9,070. Electric furnaces. C. Fischer. 

9,227. Aluminium alloys. B. J. Smart. 

9,592. Process of annealing crucibles used for steel melt- 
ing. E. Boothby. 

9,633."Electrodes for electric furnaces. (Shawinigan 
Carbide Company, Limited, Canada.) 

9,652.*Carbon electrode for electric furnaces. (Plania- 
werke Akt.-Ges. fur Kohlenfabrikation Rati- 
bor, Germany.) 

9,754. Method and means for driving metal out of holes 
in faulty furnace bottoms. R. Leyshon. 

9,771. Substitute for moulding sand. D. M. Mac-Pher- 
son. 

9,862. Mounting patterns for moulding. H. Rix and 
W. Moore. 

9,955. Sand mould jarring machine with pattern-plate 
fixing arrangement, mechanically driven or 
worked by hand. J. J. Chipchase. 


10,084. . "ae for moulding. W. Moore and H. 
ix, 
10,127.*Grinding machines. (Lewis Fisher Fales, 


United States.) 

Manufacture of metal taps and vents. H. C. B. 

Lamb and H. G. Barraud. 

10,789. Machinery for filling and translating mould 
boxes. P. Taylor. 

10,858.*Electric furnaces. H. Plauson, 
and G, Tistchenko. 

10,900. Method of manufacture of ferro-alloys for steel 
making. F. Hodson. 

10,939.*Furnaces for smelting metals. F. W. Winner. 

11,685. Appliances for drying moulds. A. B. Roxburgh 
and J. Dobeson. 

11,838.*Apparatus for shaking ingot moulds. 
Bruckmann et Cie. 

11,846.*Manufacturing a refractory and abrasive pro- 
duct. I. Werlein. 


10,401. 


W. Zsvetaeff, 


Mensing, 
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Personal. 





Sir Joserpn Jonas, of Jonas & Colver, Limited, Shef- 
field, has been elected president of the Sheffield Reform 
Club. 

Tue late Mr. G. D. Connell, of Fairhill, Hamilton, 
N.B., a Glasgow ironbroker, left personal estate valued 
at £7,513. ISS Pipi: x 

Tue late Mr. R. Smith, iron merchant, Broomgrove 
Road, Sheffield, left estate of the gross value of £103,996, 
with net personalty £98,946. 


Tue gross value of the estate of the late Mr. J. Trip- 
pett, of Messrs. Joseph Trippett & Sons, Standard Steel 
Casting Works, Sheffield, is £6,947. 

Mr. A. McCormack, technical manager to the Wolse- 
ley Tool and Motor-Car Company, Limited, has been 
elected managing-director of the company. 


Tue late Mr. J. Spencer, of John Spencer, Limited, 
of the Globe Tube and Engineering Works, Wednesbury, 
left estate valued at £38,920 gross, with net personalty 
£35,802. 

THE announcement is made this week that Mr. G. 
Foster Martin, J.P., has resigned his position as general 
manager of the Blaenavon Company, a position he has 
held for the last eight years. 

Mr. Atrrep StTePHens, J.P., segs of the firm of 
Messrs. Stephens & Company, silica brick makers, Kid- 
welly, has _ selected as the prospective Tariff Re- 
form candidate for West Carmarthenshire. 

Mr. H. MarsHAtt, assistant yard manager to Palmer’s 
Shipbuilding and Iron Company, Limited, Jarrow, has 
received an appointment as manager over the Government 
work at Messrs. Cammell, Laird & Company’s yard at 
Birkenhead, 

Mr. Joun Reis, who has been assistant to the 
president in charge of construction work, has been 
elected vice-president of the United States Steel Cor- 
poration, in place of Mr. Wm. B. Dickson, resigned. 
The appointment of Mr. W. B. Perley as assistant 
to the president, is also announced. Mr. Perley was 
previously assistant to Mr. Dickson. 


Ow1ne to failing health, Mr. J. F. Swallow has 
resigned his seat on the board of the Parkgate Iron and 
Steel Company, Limited. He has been a director since 
1898, and has always taken a great interest in the 
welfare of the company. The vacancy thus caused has 
been filled by the election of Mr. Mensy Westlake, 
managing director of the Staveley Coal and Iron Com- 
pany, Limited. 

Mr. T. L. Livrern, consulting engineer, of Cardiff, 
has been appointed chief engineer to the Hughesovka 
Iron and Steel Company, South Russia. Mr. Lintern 
(who was trained at the Dowlais Works) has 
held the position of chief engineer to the Weardale Steel, 
Coal and Coke Company, Limited, and has acted as 
chief engineer to the Cargo Fleet Iron Company, 
Limited, Middlesbrough. 








GANISTER, CUPOLA BLOCKS, FIRE BRICKS, 


FIRE CLAY. 
Silica Bricks, Tuyeres, Stoppers, Nozzles, &c. 


STEEL MOULDERS’ 


COMPOSITION, SILICA CEMENT. 





J. GRAYSON LOWOOD & Co., Ltd., 


DEEPCAR, nr. SHEFFIELD. 


Telegrams: ‘‘LOWOOD, DEEBPCAR.”’ 
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SOUND 


STRONG, CLOSE-GRAINED 


CASTINGS 


Obtained bm using 


“TITANIUM THERMIT 


TINS READY FOR USE, ALL SIZES from 2 cwt. to 20 tons. 
























Prices and Particulars from 


-_  ‘THERMIT LIMITED, 


Telegrams: “* FULMEN, LONDON.” ‘ 
pr 3749 Central, 2 T . M a rti ns La ne, 
Works : 21 Oa, Bow Rd., E. Cannon Street, E..C. 





4S SUPPLIED TO THE 0. 
BRITISH 
ADMIRALTY DOCEKYARDS. 


The following, selected from numerous letters, are eminent testimony as to the 
quality of our celebrated “A.A.A.” Coppee Foundry Coke, carefully selected, and 
despatched in sheeted wagons. 

From PECKETT & SONS, Bristol. 
Bristol, October asth, 1904. 
We have been using your Selected Foundry Coke for some considerable time. ; 
We have pleasure in stating that we are very pleased with it, as we find we get sounder and cleaner castings, mor 
free from blowholes and other defects, than we formerly did, 


From BOW, McLACHLAN & CO., LTD. (Paisley Foundry), Paisley, Glasgow. 
Paisley, 12th March, 1909 


We have pas of 4th inst., and in reply have pleasure in stating that we have been using your Foundry Coke for several 
years for special purposes with highly satisfactory results. 


Elders Collieries, Ltd., Cardiff. 
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Deaths. 





Mr. C. Howmes, of Messrs. Holmes & Pearson, Royal 
Ironworks, Keighley, died recently. 

Mr. W. Timmins, J.P., of E. Timmins & Sons, 
Limited, Bridgwater Foundry, Runcorn, Cheshire, died 
recently, 

Mr. J. Horricxs, of Gresham & Craven, Limited, 


Craven Ironworks, Salford, Manchester, died recently at 
the age of 81 years. 

Mr. G. E. Evans, who at one time owned the Emlyn 
Engineering Works and Foundry, Newport (Mon.), died 
recently, aged 85 years. 

Mr. W. Legs, of Walter Lees & Company, Limited, 
iron and brassfounders, Bedford Street, Halifax, died 
recently at the age of 64 years. 


Tue death occurred at his residence, Butterley Carr, 
Ripley, recently, of Mr. William Joseph Morris, works 
manager for the Butterley Company, Ltd., at their 
Butterley Ironworks. He was 40 years of age, and went 
from Sheepbridge to Butterley just over four years ago. 


Mr. Witi1am Castiz, C.B., R.N., died on May 8, at 
his residence, at Friern Park, North Finchley, N. The 
deceased gentleman entered the Royal Navy as assistant 
engineer in 1855, became chief engineer 1872, inspector 
of machinery 1885, chief inspector 1889, and retired in 
1893. 

Tue death took place at his residence, 6, Broomfield 
Road, Sheffield, on May 14, of Mr. F. Schwab, head of 
the firm of J. ‘Shipman and Co., Limited, steel and wire 
manufacturers, Attercliffe Road, Sheffield. The deceased 
gentleman, who was 65 years of age, had been an invalid 
for several years. 

Mr. H. B. Jones, a steel and file manufacturer of Shef 
field, died at his residence, Collegiate Crescent, Sheffield, 
on May 9, at the age of 55 years. He was the eldest son 
of the late Mr. George Rose Jones, who founded the 
firm of G. R. Jones & Company, Swedish Steel and File 
Works, Sheffield, of which the deceased was at the time 
of his death, the senior partner. 


PRICES OF METALS. 


The following table shows the approximate latest 
prices and position of stocks of metals during the past 
wo years :— 


End May 1911. May: 1910. 

















METALS. End 

Iron—Scotch pig warrants 

an ee 55/10} 
—Middlesbro’ warrants ... tom |............. 16/104 49/11 
-W.C. M/nos Bessemer ... tm |......cccceccee GD nesee ceseeneee 68 0 
—Stock, Scotch a eee Sh een 1,000 
Copper—Chili bars, GMB 

| ee £55 26 £56 7 6 
~—Stock, Europe and afloat 

en eee am = Woceupaicdee = 
Tin—English angete — Le ree|6h 6 8 Oe 2149 0 0 
—Straits -. to --- £503 15 0 |............ £100 5 0 
—Stock, London, Holland, , 

U.S.A., and afloat ae - _ 

Lead— English pig Sap GED: Uiiecoscllighes te gee £13 00 
Spelter—Ord. Silesian ... ton £24 ° : . £2213 
Quicksilver (75lb).. BD Bice. snes coi £8 5 £8 150 
Antimony—Regulus . ton . £29 io ° £30 0 0 £30 10 0 


* Settlement price. 
CASTINGS. 
In the Cleveland district the following are the 
nominal rates current for castings :— 


£s.d £s. d. 

Columns (plain) . 610 0 to 615 0 
Pipes, 14 to 24 in. ... . £17 6 to 5 2 6 
” 3 to 4 in. ... . 410 0 to 5 0 0 
i 5 to8 in. ... . 4 7 6 to 410 0 
» 10 tol6 in. . 4 7 6 to 410 0 
» 18 to24in, . 47 6 to 410 0 
Chairs ... 312 6 to 315 0 
Floor plates (open sand) .. . 300 to 3 5 0 


AP. 
The quotations for scrap, subject to market 


fluc, 
tuations, are as follows 


:— Heavy wrought (mixed), 
£2 10s. Od.; light wrought, £1 7s. 6d.; heavy cast- 
£2 7s. 6d.; all per ton, f.o.b., London. Copper (clean), 
£51 10s. Od.; brass (clean), £3810s. Od.; lead (usual 
draft), £12 Os. Od.; zine, £19 15s. Od.; all per ton 
delivered fherchant’s yard. 








Core-Forming M 


(Ww. JONES’ 








achine 


PATENT). 


For making sand- 
pipe cores from 10 
inches to 10 feet, 
and any diameter 
from | inch to 20 
inches. 


Cores made in half 

the time and at half 

the cost of the old 
system. 


Jones & Attwood, Ltd. °"stocriridce. 
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Established 1863. 





JAS. DURRANS & SONS, 













8 5 o 0 TON | 








“ i] hiner ped 
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Near 
Sheffield. 


Manufacturers of all 


FOUNDRY EQUIPMENTS, 


COMPOSITION BLACK LEAD, PLUMBAGO, CORE GUM, WHITE DUST & COAL DUST. 


Ladles, Cupolas, Fire Bricks, Gannister, Stone Flux, Loam and Sand Mills, 
Casting Cleaners, Studs, Chaplets, Pipe Nails, Sprigs, Brushes, Wire Brushes, 
Core Ropes, Bellows, Buckets, Spades, Forks, Riddles, Sieves, Barrows, Etc. 


FETTLING DRUM. 


p= _ 





These Machines are invaluable for a Foundry, doing a larger amount of work of a i i 
in a much shorter time than can be done by hand, without “killed labour, on Ser 


“Dear Sirs,—We have been using your best Blacking for a large number of years, and alway it 
on our large Ingot Moulds, which, as you know, we have made up to 5 tons in weight. ie aaliyah 


Yours faithfully, THE BRIGHTSIDE FOUNDRY & ENGINEERING CO., LD.” 
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Foundries Completely Equipped. 
















Cupola Hoists. Sand Mills. 


Sifting and 
Mixing 
Machines. 


Cupolas. FOR 


ALUMINIUM, 
Ladles, 
BRASS, 
MALLEABLE, or 


STEEL. 











ALL OUR Machines are designed and con- 
structed for heavy duty, and will 
withstand for years the 
severest usage. 


Pig 
Core Ovens. iii ae Breakers. 
Core Making Catalogues. Tumbling 
Machines. Barrels, 


Moulding Machines. Sand Blast Plants. 


The London Emery Works C€o0., wonxs, 


TOTTENHAM, LONDON, N. 
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Addresses and further information will be found by reference to the Firm's’ Advertisement. 
Abrasive Wheels. | Buffing and Polishing | Core Gums—cont. | Cupola Linings. 
Evans, J. & C Machines. | Hall, Charles, & Co. | Evans, J., & C 
London Emery Ww — Co. J | Jackman, J. W. & Co.,Ltd. | Hall, Charles & Co- 

i Ww Lta ackman, J. W., & Co., Lud. | | Harri 
jt, | mney Wate. a B-—45> W., & Co., Ltd. 
Jackman, J. W., & Co.,Lta, | Casting Cleaners. | Wilkinson & Co., Thos., Ltd Marshall & Co., ‘Horace P. 

Marshall & Co. Horace P. Durrans, J., & Sons. | Core Making Machines. Emery Grinders. 
Philli J. W. KC Evans, J., & Co. 4 
Thw altos i edie wee Jackman, J. W.,& Co.,Ltd, | Evans, J., & Co. | = a Orie Pneumatic 
Tilghman’sPatentSandBlast | Marshall & Co., Horace P. | Hall, ¢ harles & Co. ne . 
ro . Ltd. Pneumatic Eng neering Ap- | aS ¥.> Gos Ltd. | paves. ° & Son. 
li ones & Attwood, Ltd. Cvans, 
Air ‘Compressors (Electric- Tilghman’ A. A Blast London Emery Works Co Hall, Charles & Co. 
ally Driven). Co., Ltd. feeeshell, BFS OS | ~ —- baht Go. > me 
Jackman, J. W., & Co., Ltd. Cement. } ps, J. W. J. y ery Works Co. 
Marshall & Co. ‘Horace P. Dyson J. & J. | Core Ovens. | Emery and Glass Cloth 
Tignes. sPatent Sand Blast Ev -~, J. & Co 10 AlMaye& Oslens Pneumatic he Glass Paper. 
» a arle 0. ing. Co., Ltd. r E “4 , 
Air Compressors (Steam). Jackman, J. 'W., & Co., Ltd. | vase, J. & Co. nen ey eee, 
& J Emery Wheels. 
Jockman. J. W-Co, 1d. | London Emory Works Co; | Hislop REG: aco, itd. | Alldaved Ontone Paoumati 
F .J.Grayson, &Co., ackman, o., Lt¢ c 
Tienes’ sPatent Sand Blast Marshall & Co., Horace P. | Jones & Attwood, Ltd. eins. Co., oy 
Ltd. Metalline Cement Co. London Emery Works Co. ell is ~ dy Co 
nic Comerorsorn (Bet. | Gest i on eS ca. dake Rca, a 
’ Co. | J. ° o Oe 2 
Marshall & Co., Horace P. Silent Machine and Eng. Co. | Portway, C. & Son. ne te a Works Co. 
Ti hman'sPatent Sand Blast Chaplets and Studs. | Core Ropes. le ells Emery Wheel Co. 
Annealing. Evans 3 RCo. oeenny 4,8, Bove. Eras, 3, & C 
ov i oe so. ~ vans, J. ‘o. 
Evans, J. & Hall, Charles, § & Co. Hall, Charles, & Co. Olsen, William 
Phillips, J. Ww. - Cc. J. Jackman, J. W., & Co., Ltd. Jackman, J. W., & Co., Ltd. 
Fans. 
Ash Crushing and Wash- Marshall & Co., Horace P. Olsen, Wm. | Alldays & Oni 
ing Machines. a ——_. Wm.,&Co. | — Wilkinson, T. & Co. Eng. Co.. Ltd. Peay 
praes. 5-~ * wr, & Co., Ltd. Wilkinson, T., & Co., Ltd. a thy 2 Co | Buifalo For — 
Berra ge eye | BERN cn | SE eo. us| Rate 
ps vans, J., 20. ackman, J. W., & Co., Ltd. ac man. J. W. , & Co., Ltd. 
Barrels (Tumbling) ars a2. SO. Ltd. om Wm. Pains, bg J. & Co. Ltd. 
peeved One Se ctictis Jackman, J. W., & Co. Ltd. ranes. , They sive. aw: & C. 
Eng. Co. Rican, Séteneis Alldays & Onions Pneumatic ites Bros., Ltd. 
Eres 8, J. ei G0. Walker, L&I gine os Ad. Firebricks., 
a arles, 0. oe ivans, CC D 
Jackman, J. W.,& Co. Lta. Chargirig Platforms. | Jackman, J. W., & Co., Ltd. Dreen ¥ 1¢ Sons. 
London Emery Works Co. Alldays & Onions Pneumatie | Vaughan’ & Bon. Ltd. Evans, J. & Co. 
meg 2% be a Eng. Co., Ltd. | cn — T. W., Ltd. Fyfe & Co., J. R. 
ps Davies, T., & Son. rucibles. Harris & Pearson. 
Tilghman’sPatentSan i Blast Evans, J., & Co. | Evans, J. & Co. Jackman, J. W., & 
o., Ltd. Jackman, J. W., & Co., Ltd. Hall, Charles, & Co. King Bros. Co., Ltd. 
Barrows. Marshall & Co., Horace P. Olsen, Wm. Lowvod, J. Grayson, & Co., 
gD 4,68 Sons. be ee Bros., Ltd. Crucible Furnaces. Potties E.J.&J 
van Coal Dust. Alldays & Onions Pneumatic won, Xi. J. . 
Hall, Charles, & Co. Camminz, Wm., & Co., Ltd. Eng. Co., Ltd. Foundry Blacking. 
Jackman, J. W., & Co., Ltd. Darrans, J., & Sons. Evans, J., cee ty Wm. & Co., Ltd. 
Bellows. Kvans, J., & C Jackman, y Ww. , & Co., Ltd. parses 3 | a pens: 
Alldays & Onions Pneumatic Hall, Charles & ‘Co, | Crucible Furnaces(Lift. out) “aoa 
E Le $ Suan Steear Win W., & Co., Ltd. Alldays & Oplens Pneumatic Ficmingér & Co, Ltd. 
Durrans, Jas., & Sons. Sykes, James, | ae ° Jackman, J. W., & Co., Ltd. 
Hall, Custos & '& Co. alker, I. & pee &-. & Ww. " & Co., Ltd. London Emery \ Works Co. 
Jackman, J. W., & Co., Ltd. Wilkinson & Go. Thos., Ltd. | Phillips, J. W. & C. J. om we 
,vaem. Wm. bal mee a9 - (Birmingham | Cryciple Furnaces (Tilting) Walker, I. & I. 
Durrany 3, & sons Coke (Foundry) Aldaye® “id Pneumatic Wilkinson. Thos. & Co., Ltd. 
Evans, J., & Elders Navigation Collieries. Breen. ; we & Co. jiliams,John (Birmingham 
Hall, I Ghats & Co. Coke Breakers. Jackman, J. w., & Co., Ltd. Foundry Brushes. 
Jackman. J. -, & Co., Ltd. Peas, J., 4 Co. amen oe Horace P. Durrans, J. & Sons. 
, . ackman, J. W. & Co., Ltd. | ips, y | Evans, J., & Co. 
a 1 +; Th Lta. Marshall & Co., Horace P. Crushing Mills. | Hall,C., & Ce. 
Blow — iy SRAOS Phillip:, J. W C.J. Evans, J., & Co. | Jackman, J. W., & Co., Ltd. 
a Mdens te Onlens P te | Core Boxes. Jackman, J. W., & Co., Ltd. Olsen, Wm 
er SO Secematie| §=6pvem. 3. © Co. Cupolas. Phillips, J. W. & C, J. 
Buitelo Forge Co., Ltd. Jackman J. W-& Co.Ltd. |“ alldays & Onions Pneumatic | Feundty Ladies. | 
te a es. Lita. Core Compounds. Davies, T. .> |. ly) ~ pc 
Evans, J., & Co. | Cumming, Wm. & Co., Ltd. Durrane, J; & Sons. Davies, T.. 50% 
Jackman, J 0., Ltd Urrans, cvans, ns. 
Keith, an anes, & Blackman, Hall, Charles 8 & Co. i _ emg og! . oo. Lta Hare J. &C “t me Cc 
Co. ackman 0., . On. 0. 
London Eme Works Co. Jackman, J, W. & Co., Ltd. Keith, James, & Blackman, Jackman, J. W., & Co,, Ltd, 
Marsha & Co., Ltd. Olsen, Wm Co., Ltd. London Emer ae ‘Works Co, 
w.k& Wilkinson, Thos. & Co. London Emery Work. Marshall, H & Co 
Phillips, J. W. & C. J. m orks Co. le 
ae & Co., Ltd. Core Gums. Marshall, H. P. & Co, McNeil, Cha 
Thwaites Bros Ltd. Durrans, J. & Sons, Phillips, J. W. & C. J. Phillips, J. me & C. J. 
Ward. T. W., Ltd. Evans, J. & Co. Thwaites Bros:. Ltt. Thwaites Bros. 
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Foundry Rattlers or Fett- 
ling Drums. 
Alidays & Onions 
Davies, T., & Son 
Durrans. J., & — 
Evans, J., & ( 
Hall, Charles x Co. 
Jackman, J. W. , & Co. 
London, E mery Works Co. 
Marshall & Co., re 
Phillips, J. W. -d. 
Foundry loa 
Dyson, J. & J. 
Evans, J., & Co. 
Gould, George 
Jackman, J. W., & Co., Ltd 
Wilkinson & Co., Thos., Ltd. 
Williams, J. (Birmingham 
Sand), Ltd. 
Furnaces (Annealing). 
Alldays & Onions Pneumatic 
Eng. Co., Lt 
Evans, J. & Co. 
Hislop, z &G. 
Keith, James, & Blackman, 
Co., L td. 
Marshall & C 0., 
Phillips, J. W 
Furnac etieca. 
Alldays & Onions Pneumatic 
Eng. Co.. Ltd 
Evans, J., & Co. 
Jackman, J. W., & Co., Ltd. 
Keith, James, & Blaekman. 
Co., Ltd. 
Marshall & C 0., i P. 
Phillips, J. W. J. 
Furnaces (Meiting). 
Alldays & Onions Pneumatic 
Eng. Co., Ltd. 
Davies, T., « Son. . 
Evans, J., ; 
Jackman, J. W. & Co., Ltd. 
Keith, James, & Blackman, 
Co., Ltd. 
Marshall & Co., Yas a P. 
Phillips, J. W. - 2 
Ground Nel de 
Durrans, J., & Sons. 
Dyson, J. & J. 
Evans, J., & Co. 
Lowood, J. Grayson, & Co. 
Walker, I. & I. 
Grinding Machines 
Tools. 
Evans, J.. & Co. 
Jackman, J. W., & Co., Ltd. 
Jones & Attwood, Ltd. 
London Emery Works Co. 
Hammers (Steam). 
Alldays _ Onions Pneumatic 
Eng. ita. 
Thwaites Bros.. Ltd. 
Hay Band _ Spinning 
Machines. 
Evans, J., & Co. 
Jackman, J. W., & Co., Ltd 
Marshall &Co., Horace P. 


 eengee P. 
J. 


and 


Bien SUvER'S GUIDE.— Continued. 








Hoists. 


Alldays & Onions Pneumatic 
Eng. Co., Ltd. 

Davies, T., & Son. 

Evans, J. & Co. 

Jackman, J. W., & Co., Ltd. 

London emery Works’ C 0. 


Marshall, H nw Co. Ltd. 
Phillips, J. W. 
Thwaites Bros., nit 


Loam and Sand Mills. 
Davies, T., & Son. 
Durrans, & & \ ane 
Evans, J., &« 
Hall, ¢ es a «oc 0. 
Jackman. J. , & Co., Lid, 
London he ‘Works Co. 
Marshall & Co., Horace P. 
Ward, T. W.., Ltd. 
Melting Furnaces (Oil fired), 
Alldays & Onions Pneumatic 
Eng. Co., Ltd. 
Evans, J., & Co 
Jackman, J. Ww. , & Co., Ltd. 
Marshall & Co., Horace P. 
Phillips, J. W. & C.J. 
Mould Driers. 
Evans, J., & Co. 
Jackman, J. W., & Co., Ltd. 
London Emery Works Co. 
Marshall & Co., eegee P. 
Phillips, J. W. od 
Moulding Machines. 
Adaptable Moulding Ma- 
chine Co.. The 
Britannia yan Co. 
Evans, J., & ¢ 
Jackman. J. Ww. & Co., Ltd. 
London Emery w orks © oO. 
Marshall, H. P., & Co 
Phillips, J. W. & C. = 
Pickles, James. 
Pneumatic E neincoring 
Appliances Co, 
Samuelson & Co., ’ Ltd. 
Stewart, Duncan & Co., Ltd. 
Whittaker, Wm.,& Sons,Ltd. 
Moulding Machines (Hand 
and Power). 
Evans, J., & Co. 
Jackman, J. W., & Co., Ltd. 
London Emery Works Co. 
Marshall & Co., ys as P. 
Phillips, J. W. &C.J. 
Pickles, James. 


Pig Breakers. 
Evans, J., & C 
Jackman. J. w & Co., Ltd. 
London Emery Works C 0. 
Pig-Iron. 
Bradley & Sons, T. & I., Ltd. 
Frodair Iron and Steel Co., 


Ltd., The 
Goldendale Iron Co., Ltd. 
Plumbago. 


Cumming, Wm. & Co., Ltd. 
Durrans, J., & Sons. 


Plumbago—cont. 
Evans. J., & Co. 
Hall, Charles & Co. 
Jackman, J. W., & Co., Ltd, 
London eed Works Co. 
Olsen, Wim 
Walker, L & 
Wilkinson & bo., Thos., Ltd. 


Pneumatic Tools. 
Joe kman, J. W., & Co., Ltd. 
Macdonald & Son, Ltd. 
Moral H. P. & Co 
Pneumatic E ingineering Ap- 
pliances Co 


Polishing Sundries. 


Evans, J. & Co. 
London thnery Works Co. 


Publications. 


Eagland & Co., Ltd. 
Griffin, Charles & Co., Ltd. 


Pyrometers. 
A ldays & Onions 
Phillips, J. W. & C. J 


Recording Gauges. 
Evans, J. & Co 
Jackman. J. W., 2% Co., Ltd. 
Phillips, J. W C. J. 


Riddles. 


Durrans, J. & Sons. 
Evans, J., & Co 
Hall, Caaeve, & Co. 
Jackman, J. W -, & Co., Ltd. 
Olsen, Wm 

Wilkinson, Thos. & Co., Ltd. 


Sand Blast Apparatus. 
Jackman, J. W., & Co., Ltd. 
London Emery Ww orks Co. 
Phillips, J. W. & C. J. 


Tilghman’s Patent Sand 
Blast Co., Ltd. 
Sand Driers. 
Evans, J., & Oo. 
Jackman, J. , & Co., Ltd. 


London 1A. Ww orks 0. 
Philips, I.W.&U. J. 


Sand Grinding Mills. 
Evans, J., & Co. 
Jackman, J. W. & Co., Ltd. 
London Emery Works Co. 


Sand Mixers. 
Evans, J., & Co. 
Halls Eng. Co. 
Jackman, J. W. & Co., Ltd. 
London Emery Works Co. 
Marshall & Co., Horace P. 
Phillips, J. W. & C. J. 


Sand Riddlin 


Steel Moulders’ 





, Separating 


and Sifting Machines. 


Evans, J., & Co. 

Jackman, J. W., & Co., Ltd. 

London Emery Works Co. 

Marshall, H: P. & Co., Ltd. 

Pneumatic Engineering Ap- 
pliances Co., Ltd. 


Sieves. 


Durrans, J. & — 

Evans, J., 

Hall, Charles, & Co. 
Jackman, J. W., & Co., Ltd. 
Marshall & Co., "Horace P, 


Smiths’ Hearths. 


stem & ae" Pneumatic 
Keith, 3a James, & Blackman, 


Co 
Marshall & Co., H. P., Ltd. 
Samuelson & Co., Ltd. 


Thwaites Bros., Ltd. 
Compo- 
sition. 


Dyson, J. & J. 
Evans, J., & Co. 
Jackman. J. Ww. & Co., Ltd. 
Lowood,J. Grayson, Ko. »Ltd 


Spades and Shovels. 


Durrans, J., & Sons, 
Evans, J., & Co 
Hall, re harles & Co. 


Jackman, J. W., & Co., Ltd. 
Olsen, Wm. 

Stone Flux. 
Durrans, J., & Sons. 
Evans, J., & Co 
Hall, C harles & Co. 
Jackman, J. W., & Co., Ltd. 


Wilkinson & Co., Thos., Ltd. 


Stoppers and Nozzles. 
Dyson, J. & J. 


Straw Ropes. 
Evans, J., & Co. 
Hall, Charles, & Co. 
Jackman, J. W., & Co., Ltd. 
Olsen, William. 
Wilkinson & Co., Thos., Ltd. 


Testing yearn 
Evans, J., & C 


Jackman, J. w: “Soe. Ltd. 

Marshall, H. P.. & Co 

Paine. W.&C. Z. 
Tuyeres (Firebrick). 

Dyson, J. & J. (Ltda 

Lowood, J. Grayson, & Co, 


Welding. Thermit, Ltd 











FOR 
IRONFOUNDERS’ BLACKING, COAL DUST, ETC. 


Registered 4 SHALAGO e Brand. 


Wr ite for Quorations to— 


WILLIAM CUMMING & Co., Loo. 


Kelvinvale, Mille, M 
WoRKEsS— { senetingten Blackin 
Blacking 


also at Middlesbrovgh and Albion, West Bromwich 


al RONFOUNDERS’ 


hile. Ghemertiela. Eng 
6, Falkirk. N.B 


FURNISHERS. 


= SLSR AFIO 
RESSES— 


“ Gomuming. Gossow. ch 
mmi 
ne. wh nator esterfield. 


Mills, Camelon.” 




















SITUATIONS VACANT AND WANTED. 





“OREMAN MOULDER and PATTERN MAKER 
desires change. Used to Light, Medium, or Heavy 
work, Jig and Plate Moulding. Excellent references and 
testimonials.—Box 514, Offices of THE FOUNDRY TRADE 
JOURNAL, 165, Strand, London, W.C. 





ANAGER.— Advertiser desires change for satisfac- 

tory reasons. At present engaged, with sole control, 
in Light Foundry, doing about 40 tons per week. First- 
class connection in and around London and South Coast. 
Would entertain offers as Commercial Manager or Repre- 
sent t ve-—Apply Box No. 512, Offices of THE FOUNDRY 
TRADE JOURNAL, 165, Strand, London, W.C. 


OR ENGINEERING WORKS.—FOUNDRY MAN- 

AGER required, to devote the whole of his time 

to iron Foundry. Only men with previous experience in 

heavy Engine and General Foundry work need apply.— 

Amongst other particulars give age, references. and salary 

asked, to Rox 510, Offices of THe FounpRY TRADE 
JOURNAL, 165, Scrand, | ondon, W.C, 


ANTED, by Frm of Gas Engineers, First-class 

REPRESENTATIVE for certain parts of England, 
ta,Sell on liberal Commission. Must have good connection 
with the leading Firms of Engineers, Boilermaker<. etc., 
ete.—Reply to Box 506, Offices of THE FOUNDRY TRADE 
JOURNAL, 165. Strand, London, W.C., stating age and 
experience, how presently employed, class of goods 
presently sold and names of firm or firms already repre- 
senting ; state districts or counties open to cover, districts 
presently cover d, number of firms calied upon, and 
number of visits paid to each annually. 
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SITUATIONS VACANT AND WANTED. 
(Continued,) 


Og FOUNDRY FOREMAN desires change. 
Rolling Stock and General Engineering, Machine, 
Plate, ete., and High class Alloying. Practical and 
Technical.— Box 508, Offices of THE FouNpDrY TRADE 
JOURNAL, 165, Strand, London, W.C. 


OUNDRY FOREMAN Wanted, thoroughly up-to- 
date practical man, accustomed to all branches. 
Must be good organiser, and able to control men.—Apply. 
giving particulars of experience, Box No. 504, Offices of 
THE FouNpRY TRADE JOURNAL, 165, Strand, London, 
W.C. 


FOR SALE AND WANTED. 


OR SALE.—PIFTIN SAND MIXER, practically 
new. No reasonable offer refused. —SAML. DENISON 
& Son, Lrp., Hunslet Foundry, Leeds. 


OR SALE.—Six-Ton FOUNDRY LADLE, geared, in 

first-class condition; also ENGINES, BOILERS, 

ete. Lowest price. —GEo. DEAN, Stockton Brook, Stoke- 
on-Trent. 


ANTED, for Cash, Brass and Gun-metal Scrap 

Turnings, Condenser, and Loco. Tubes, Brass 

Dust, Mixed Metals, ete. —RAPID MAGNETTING MACHINE 
ComMPANY, LTp., Crescent, Birmingham. 





FRODAIR SPEGIAL PIG-IRONS 





have a 


CYLINDERS, 
LINERS, 
PISTONS, 
PISTON RINGS, 
VALVES, 
GEARING, 
RUBBER TYRE & 
GLASS MOULDS, 


ELECTRICAL CASTINGS, 


ete. 


long record of success for casting: - 


HYDRAULIC PLANT, 
AMMONIA FREEZING CYLINDERS. 
STONE CRUSHING MACHINERY, 
WOOD WORKING 
FIRE RESISTING CASTINGS, 
ACID RESISTING CASTINGS, 


MACHINERY, 


ROLLS (Chilled and Grain), 
HIGH SPEED FLY WHEELS, 
SCREW PROPELLERS, 
etc. 





Write for particulars and specifications to :— 


THE FRODAIR IRON & STEEL CO., LTD. 


Fenchurch House, 
London, E.C. 


= 
Telegrams: “* FRODAIR, LONDON.” 
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COMPLETE SAND BLAST APPARATUS 


For Cleaning large and small Castings. 


ea et er re rr 


WILL SAVE 50 PER CENT. IN FETTLERS’ WAGES. 


IN USE BY THE FOLLOWING WELL-KNOWN FIRMS :— 





STEEL CASTINGS. ORDINARY IRON CASTINGS. 
Beardmore, W. Ted Co., Lat. aa Glasgow. Platt Bros. and Co., Ltd. ... cal Oldham. 
Steel Co. of Scotland -- Glasgow. Tweedales and Smailey isco nee Castleton. 
Coltness Iron Co. ... Ree ae Coltness. H.M. Dockyards ... ie ine —_— 
Dickson and Manns, Ltd. aa Armadale. Dobson rm Barlow, Ltd. ... eve Bolton. 
Vickers, Sons and Maxim, La. Barrow. Doulton and Co., Ltd. oe Paisley. 
Darlington Forge poe Ltd. ont Darlington. Ruston, Proctor and Co., Lta. on Lincoln, 
Shaw, W., and « Middlesbrough, Marshail, Sons and Co., ‘Lut. ov Gainsborough. 
Hadfivlds’ Steel Peuniey Co., |) en Sheffield. Shanks and Co. , Lid, ste Barrhead. 
Osborn, 8. 4 and Co., Ltd. rm Sheffield. Falkirk Iron Co. ... wah in Falkirk, 
Jackson, P. and ( 0., Ltd. oe Mancbester. Hopkinson and Co, par Huddersfield. 

MALLEABLE IRON. BRASS OR GUN METAL. 
Ley's Malleable Castings Co., Lid, Derby. Vickers, Sons and Maxim, Ltd. én Rarrow. 
Crowley, John, and Co., Ltd. .. Sheffield. Gummer and Co. .. « Rotherham, 
Bakor oundry Co., Ltd. a0 Smethwick. Ruston, Proctor and Co., Ltd. teen Lincoln. 
Maddock, J., and (€ Ltd. _ Oakengates, Storey, Isaac and Sons, Ltd. we Manchester. 
c lege and How ate, Tia. wie - Keighley. Glenfield and Kennedy... pe Kilmarnock. 

rot youn €o., ‘ pone Walsall. Milne, J., and J pa se Edinburgh. 

L, inhen. | Ww. rh Pa Walsall. Benton and Ston Birmingham. 
Tangyes Lita. a“ ae Birmingham. British Insulated ‘and Helsby Cables, Ltd. , — 
Harper, FS and Co. nae “a Willenhall. Marshall, Sons gud Co., Ltd. owe Gainsborough. 
Haden, G. "N., and Sons... on Trowbridge Dewrance and Co. en ae London. 








General Representative: CEO. HOPKINS 63, Quarrenden Street, King’s Road, Fulham, London, 8.W. 


TILGHMAN’S PATENT SAND BLAST Co., Ltd., 


BROADHEATH, Nr. MANCHESTER. 














WHITTAKER'S iwrnoveo MOULDING MACHINE 


By which Wheels or Pulleys of any description or size 
from 3 inches to upwards of 20 ft. diameter can be made. 

















The most complete and efficient 
machine hitherto introduced to 
Engineers. 


All Machines warranted to Mould with the greatest accuracy and precision. 








GEARING WHEELS 


Spur or Bevel, Straight Teeth and Double 
Helical Teeth Supplied to Consumers. 


ROPE & BELT PULLEYS. 


WM. WHITTAKER & SONS, LID., 
SUN IRON WORKS, OLDHAM. — 



































7 Sas —— 


= Se be > ~ wane - —— 
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Advertisers. 


Telegraphic Addresses, and Telephone Numbers, 


ate, 














“ - NAME. ADDRESS. TELEGRAPHIC ADDRESS. TELEPHONE wo. 
~"873 | Alldays & Onions, Ltd... “Birmingham «.. - ws wm | Alldays, Birmingham a | 28 Victoria 
372 »| Bradley, T. & I., & Sons, Ltd. Darlaston . | Bradley, Darlaston ... 4 - 
370 | Britannia Foundry Co. Coventr. oi aa .. | Stoves, Coventry . | 251 
| Buffalo Forge Co, Caxton House, London . | Buffaloes, London | Victoria 420. 
426 | Cumming, William, & Co., Ltd, Maryhill, Glasgow ... Prudence, Glasgow P.O. M. 25 
C. ii. | Dempster, R. & J., Ltd. Oldham Road, Manchester Scrubber, Manchester ~ 
367 | Davies, T., & Sons - West Gorton, Manchester... Tuyere, Manchester ... | 70 Openshaw 
423 | Durrans, Jas., & Sons ... Penistone, nr. Sheffield Durrans, Penistone . a 
C. ii, | Dyson, JI.&J5. .. Sheffield ie Dyson’s, Stannington... 702 Sheffield 
421 | Elders’ Cettterion Ltd, Cardiff . i = Elder, Maesteg ... 10 
119,376 | Evans, J., & C m Manchester | Ladles, Manchester 2297 
370 Everitt & Co, 40, Chapel Street, Liverpool . | Persistent, Liverpool ... = Central (3 
ines) 
427 | Frodair Iron & Soont Co,, Ltd, 5, Fenchurch Street, E.C. | Frodair, London — 
368 | Fyfe, J. RB. —_ | _ _ 
Goldendale Iron Co., Ltd. Tunstall, Stoke-on-Trent ... Goldendale, Tunstall, Staffs _ 
368 | Gould, George ie Old Canal W harf, Stourbridge... - = 
Hall, Charles & Co. Dantzic Street, Manchester 5814 City 
372 | Harris & Pearson... Stourbridge .. Fireclay, Stourbridge 7 Brierley Hill 
370 | Hislop, R. & G. isley Gas, Paisley... = 331 Paisley 
368 | Hodges & Co, o- i 
C.iv, | Jackman, J. W., & Co, ... a Caxton House, 8.W. Molders, London 30 Victoria 
Jenkins, W. J. & Co., Ltd. A Retford ; : Jenkins, Retford _ 
422 | Sones & Attwood, Lid. Stourbridge — : Heat, Stourbridge ... 10, Stourbridge 
373 | Keith, James, & Blackman, Co., 46. . | 27, Farringdon Avenue, oanemes . | James Keith, London a 6194 H'lb’rni4 lines! 
372 | King, Bros. (Stourbridge), ra : ug Stourbridge sae iota . | King Bros., Stourbridge ... - 
} 
424 London Emery Works Co., Ltd. ... | Park, Tottenham .. . | Naxium, London 99 Tottenham 
420 | Lowood, J. Grayson, & Co., Ltd. =| Deepear, nr. Sheffield | Lowood, nr. Sheffield 18 Stocksbridge 
371 | Macdonald, J. & Son, Ltd. ... | Maryhill, Glasgow Compressor, Stengew 161 Mary Hill 
374 | Marshall, H. P., & Co. ... . | Leeds .. Specialty, Leeds #09 Leeds 
369 Metalline Cement Cu eee as Bath Street, Glasgow... Adb- sive, Glasgow ; 01Y2 Douglas 
369 | Mitchell's Emery Wheel ak os ... | Bradford, Manchester Diameter, Manchester 2Central, 3575 
368 | McNeil, Chas. me . | Kinning Park, Glasgow McNeil, Glasgow X 155 
420 | National Time Recorder Co. aide = _ 
366 | Olsen, William . | Cogan Street, Hull ... Wnm. Olsen, Hull 599 Y.1. 
366 | PhillipsChas, D. Newport, Monmouthshire Machinery, Newport ... 18 P.O, 576 
366 | Phillips J. W. & C. 23. College Hill, E.C. Colloquial, London 10112 Central. 
C, iii. Plasti-Kion \ o., al Caxton House, S.W. — —_ 
374 Portway, C. & Son ITalstead, Essex Portway, Halstead, Essex ... } 10 P.O. Halstead 
¢. iii Robeson Process Co. ... = -- | 
372 Silent Machine Co. . ... | Albion Works, Salile St., Shefheld, Forward, ——: 
Samuelson & Co., Ltd. .. | Banbury ni én ne Samuelson, Banbur / — 
365 Standard Sand Co, Ltd. yee | Mansfield Standard Sand : 4 be Mansfield... 201 Mansfield 
371 Stewart, D., & Co. (1902) Ltd. | London Road Ironworks, Glasgow... Stewart, Glasgow a 271 P.O. Bridgt’n 
3243Bridgton(N 
366 Sykes, James .. | Ashton-under-Lyne. —_ 
| 
421 Thermit, Ltd. . | 27, Martin's Lane, E.C. . Fulmen, London 3749 Central 
428 Tilghman's PatentSand BlastCo., Ltd. Broadheath, nr. Manchester Tilghmans, Altrincham 1 
375 Thwaites Bros., Ltd. ... .. | Bradford : on - Thwaites, Bradford .. 325 Bradford 
Vaughan & Sons, Ltd. ea | West Gorton, Manchester Vaunting, Manchester 5113 Central 
372 Walker, L& I. es | Rotherham : — 
428 Whittaker, W., & Sors, Ltd. we Oldham ““ | Whittakers, Engi oy Gem 83 _ 
369 | Wilkinson, Thos., & Co., Ltd. ” | Middlesbrough Blacking. Middles esbro. .. 419 
302 | Williams, J (B’ham Sand) Ltd. | Birmingham 

















MANSFIELD MOULDING SAND. 
As Shipped by us to all parts of the World, 


for Castings of Iron, Brass, Aluminium, &c. 


WRITE STATING CLASS OF WORK TO 


The Standard Sand Co., 


Ltd., 


Mansfield, NOTTS. 
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“THE RIGHT ARTICLE AT THE RIGHT PRICE.” 


PLUMBAGO,| TFOUNDRY SANDS 


BLACKING, -:-: TERRA FLAKE, OF ALL GRADES. 


PARTING POWDER, CRUCIBLES, 


CO R E G U MI ; &c. Owners of noted Birmingham Moulding 


AND ALL EQUIPMENT FOR THE FOUNDRY. Sand Quarries— 


V ROE FOR NEW CATALOGUE JOHN WILLIAMS (BIRMINGHAM SAND) LTD. 
WM. OLSE , COGAN USTREET, BIRMINGHAM. 


























‘lronfounders’ Charcoal Blacking, Mineral 
Blacking, Goal & Coke Dust Manufacturer, 


JAMES SY KES, oo suron-unven-tyne 


ESTABLISHED 1864. 














THE SWEDISH PATENT 


“PERFECT” CORE MACHINE 


supersedes all the machines with screws, which 
wear out, It works with a plunger, and is 
built to last. No oil or binder is required. 
Some hundreds giving satisfaction in Sweden, 
Norway, England, Germany, Russia, &c. 








THE LATEST & BEST MAYER-PHILLIPS 


SAND SIFTER & MIXER 4m 


OUTPUT 2 TONS PER HOUR. 


nachine is replacing other types owing to its simple 
g and practical design. Constant supply of sand, no 
attention, little power. All kinds of sand can be treated. 


J.W. & C.J. PHILLIPS, L10, tan ro LONDON, EG, 
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T. DAVIES & SON, 


Rauway Works, West Gorton, MANCHESTER. 


ON ADMIRALTY LIST, 


Telegrams—‘* TUYERE, MANCHESTER. Nat. Telephone—No. 70, OPENSHAW. 








Specialities 


FOUNDRY GUPOLAS &LADLES 


ALL TYPES AND SIZES IN STOCK OR PROGRESS. 








LICENSEES and MAKERS of 


Oshorn’s Potent Spork Arrester 


FOR FOUNDRY CUPOLAS. 





Efficient. Simple in Design. 
Require no Attention. 


Prevent Fire or Damage to Surrounding 
Buildings. 





SAVE THE COST OF FREQUENT CLEANING OF THE 
ROOFS AND GUTTERS. 








THOROUGHLY RELIABLE. 








a2 
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HODGES == TURBINE BLOWERS. 


40°). Less Power to Drive than any other Blower. 


NO INTERNAL 
FRICTION. 





NO NOISE. 





NO WEAR AND 
TEAR. 





PERFECTLY 
STEADY. 
BLAST 
PRESSURE 





Direct—Coupled 
toElectro-Motor, 
Steam Turbine, 
Petrol Engine or 
with Pulley for 
Belt Driving. 





Motor-Driven Turbine Blower, 8, 000 cub. ft. per min., 24 in. to 36 in. Water Gause. p 
Melting Capacity 12 to 16 tons per hour. 


Made in 8 Standard Sizes, Capacities 50 to 15,000 Cubic feet per min, 
VARYING PRESSURES UP TO 2O Ilos. PER SQUARE INCH. 
For BLAST FURNACES, STEEL CONVERTERS, CUPOLAS, SMITH’S HEARTHS and OTHER PURPOSES 
HIGHEST CLASS BRITISH MATERIAL AND WORKMANSHIP. 


R. J. HODGES & GO., ENCINEERS, 14, DEVONSHIRE SQUARE, BISHOPSCATE, LONDON, E C. 




















CUPOLA BRICKS 


FOR LINING 
ORDINARY AND PATENT 


CUPOLA FURNACES. 


Mg NEIL'S 


F 1 UNBREA 
PATE EL Ladieg le 





JOHN R. FYFE & Co., 
SHIPLEY, Yorks. 





These Ladies are manuface 








tured by a patented process, 
each from a single steel plate 
without weld or rivet. They are 
extremely light, being at the 
same time the strongest and 





most durable in the market. 


Ladles to contain 56 Ib. of metal 

only weigh about 7 Ib, each. 

They are m — of all” capacities . 

from 30 ib. to #0 ewt., with or 

without tive 3 also mounted or 

unn. ounted, They are also sv it- a 


able “tor chemical or metallur- 


as eee am appucatien to OLD CANAL WHARF, 


CHAS. McNEIL. STOURBRIDGE. 


" ~—Ss| FOUNDRY SAND 


(MINE OWNER). 


IRON AND COAL MERCHANT. 


PROMPT DELIVERIES 
IS sy Truck on BOAT Oe 
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SCRAP HEAP REDUCED TO A MINIMUM. 


an METALLINE CEMENT COMPOUNDS. 
Ube: INDISPENSABLE In THE FOUNDRIES AND ENGINEERING WORKSHOPS 
NOW RECOGNISED TO BE THE MOST RELIABLE IRON 
COMPOUNDS THAT CAN BE PROCURED, 


VALUABLE treating defective Castings, making permanent repairs to Engines, Boilers, Tanks, etc., etc. 
WRITE ror FREE tra. SAMPLES, PRICE LIST anp 





TRADE MARK. 


I N STR U CTi Oo | BOO K. Sole proprietors and manufacturers 


MENT CO. oss GLASGOW 
THE METALLINE CE ag 112, BATH STREET, s 








UP-TO-DATE 


GRINDING 
_ MACHINES 


OF ALL TYPES. 


HIGH-CLASS 


GRINDING 
WHEELS — 


FOR ALL WORK. 


MITCHELL’S ar WHEEL CO.. 
Castle Works, Bradford, MANCHESTER. 


: SEND FOR NEW ILLUSTRATED LIST. 











TELEPHONE : 3575 CENTRAL. TELEGRAMS: DIAMETER, MANCHESTER. 














, it will Pay You to Use the Best 


COAL DUST 


None is quite so good as that made from Best Durham Coal. We 
grind and screen it into several different sizes to suit different kinds of work, 
and can put it on Rails or Ship it at Middlesbrough, Stockton or West 
Hartlepool at a very low price. 

We actually send it to distant Coal producing districts where the 
carriage costs more than the Coal Dust. This demand proves its excellence! 


Why not try it? 
Foundry Stores, 


THOMAS WILKINSON & Go. LTD., stoo.cssnovce 
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FERRO-VANADIUM, * * * Age uli an 
SILICO-MANGANESE (6s 70 % % Manes ese & 1 %, 2%, 3%, Carbon Max 
FERRO-SILICON Containing 25 %, 50 %, '75 % Silicon. 

FERRO-CH ROME 65/70 % Cr. & 1 % up to 8/10 % Carbon Maximum. 


ALU MINI U M 98/99 % Purity. Jn Notched Bars and Half Round Sticks and Granular. 
WE SUPPLY ALL CLASSES OF MINERALS, METALS AND METALLIC ALLOYS. 


EVERITT & CO, , 20. CHAPEL ST. LIVERPOOL. 


Telegrams: ‘“ PERSISTENT.” Telephone No. 1134 (3 lines). 




















A Hand Rammed Moulding machine 
is only Half a machine . . 
BUT EVEN THIS WILL DO THREE 


or four times as much work per 
diem as a hand moulder. 


Our No. 3 Machine illustrated will 
draw a pattern 10 in. deep and can | 
be adjusted in one minute to take 
any box from 6in. to 30 in. square, 
oblong or round. 


We are also makers of 
Power Rammed machines. 


SEND FOR CATALOGUE TO 


BRITANNIA FOUNDRY Co., 


COVENTRY, Eng. 














EFFICIENT anD ECONOMICAL HEATING oF FOUNDRY STOVES, 
. ANNEALING OVENS, FURNACES, &. . 


R. & G. HISLOP, 


Gas Engineers, Underwood House, PAISLEY. 
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Telegrams :—‘* Compressor, Glasgow.” 
Telephones :—National, 61 ‘Maryhill, Post Office, 69 Kelvin, 


John Macdonald 


& SON, Limited. 


Pneumatic Engineers, 


WATT ST. ,MARYHILL, GLASGOW 











“* Ajax” Pneumatic Combined Jolting and 
Power Press Moulding Machine. 








The Machine that is suitable for deep and shallow 
work. 


The Machine that will make a complete mould in a 
few seconds without any hand work, forms the 
sand hardest about the pattern. 


Inquiries and Correspondence Invited. 





A 
JOHN MACDONALD & Son, Ltd., Moor Buildings, ey 


Pilgrim Street, Newcastle-on- lyn ae ; i 
‘ 9 yne. f 
JOHN MACDONALD & Son, Ltd., Norwich Union British Made Pneumatic Appliances “6 


Chambers, Birmingham. the Foundry. 
JAMES R. KELLY & Co., Bridge End, Leeds Bridge, leeds. 


i | ALL IRON AND STEEL FOUNDRIES 


SHOULD BE EQUIPPED WITH 


STEWART WHEEL MOULDING 
MACHINES. 






































| Complete 
| Satisfaction 
Guaranteed 
. * * 
Standard Wheel Moulding Machine. 
No Loose Parts Liable to be Lost. | ‘ 





ACCURATE. PORTABLE. CHEAP. 





WRITE FOR PRICE AND PARTICULARS TO 


DUNCAN STEWART & Co.,LTD. 


LONDON ROAD IRONWORKS, CLASCOW, = ss Std 


Wheels Moulded by this Machine. 
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WHAT IS ITZ) 


FIRE BRICKS « CLAY 


CUPOLA BRICKS. 





* “ 
SWIFT -— METALLIC — STOPPING 








BEST UALITY. . 
9 The British Foundry Cement. 
LESSEES OF DELPH AND TINTERN Pon, FLL UP BLOW HOLES 
ABBEY BLACK AND WHITE CLAY. IT DRIES IN “ONB ‘HOUR. “AND 
IT CAN BB FILED UP IN — 
SIX TO TWELVE HOURS 
KING BROTHERS, SAMPLE FREE — TRIAL TIN 1/- 
AGENTS WANTED. 


(STOURBRIDGE) Ltd.. THE SILENT MACHINE COMPANY, 


SAVILE STREET, SHEFFIELD. 








STOURBRIDGE. 














WE SUPPLY THE LEADING FIRMS IN THE TRADE WITH 


FOUNDRY BLACKINGS 


OF ALL KINDS, 


COAL DUST, CHARCOAL, PLUMBACO and BLACK-LEAD, CORE CUMS and ali Foundry Requisites, and have 
done so since 1831. 











1.&it. WALKER, EFFINGHAM MILLS, ROTHERHAM. 





Our Specialite is Studying Special Requirements. 
KINDLY HAND US YOUR ENQUIRIES. 








STOURBRIDGE FIRE BRICKS 


Of Best Quality for Lining Cupolas in Stock, 
ALSO MADE TO ANY DESIGN. 





Linings Stocked to Customers’ Plans to ensure IMMEDIATE DELIVERY. 
All kinds of Fireclay Goods of Highest Quality. 


HARRIS & PEARSON, STOURBRIDGE. 


Telephome:—Ne. 7 Brierley Hill. 








Telegrams :—‘‘FIRECLAY, STOURBRIDGE.” 











T. & I. BRADLEY & SONS, LTD., 


Cotp Biast PIG IRON 


PIG IRON BRANDS 
Pant Mins. Au. Mine. 


=> >> Warm ano Cou Bust. IXL. @m ivi Dd 


To GUARANTEED ANALYSIB. 


DARLASTON . BLAST FURNACES, 


DARLASTON, SOUTH STAFFS. 
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KEITH-BLACKMAN 
HIGH PRESSURE BLOWERS, 


For AIR BLAST to 
SMITH’S HEARTHS, 
CUPOLAS, FURNACES, 
BRAZING TOOLS, &c. 











BELT-DRIVEN, or directly 

combined CONTINUOUS or 

ALTERNATING CURRENT 
MOTORS. 





JAMES KEITH & BLACKMAN CO., LD. 
27, FARRINGDON AVENUE, LONDON. 

















ROOTS BLOWERS 


rr CUPOLAS 
STEEL CONVERTERS, 


KO &O, 
For driving by Belt, Engine, or 
Electric Motor. 


ALLDAYS & ONIONS 
neon’ Oy LTD, 
Great Pho se Works, 


BIRMINGHAM, 


and at 58, Holborn Viaduct, LONDON, E.O, 




























374 





THE FOUNDRY TRADE JOURNAL. 

















“PORTWAY” 
CORE OVENS 


The Newest and Best in the World. 


MADE TO CONSUME GAS COKE, 
REFUSE CINDERS, GAS, etc., etc. 


These Ovens are also suitable 
: :: for Japanning Work. :: :: 


SEND FOR LIST TO 


CHAS. PORTWAY & SON, 


HALSTEAD, ESSEX. | 


























IMPROVED CORE MACHINES. 


ROTARY TYPE— 

Two feet of perfect core in 
10 seconds. 

Improved worms. 

Cheap mixtures 

Excellent results. 
PISTON TYPE— 

Recommended for large 
sizes. 

Ordinary sand, 

Dead length. 


Round, square, oval, oblong 
and other sections on 
either machine. 


Spare dies worms, etc., 
supplied from stock for 
other makes of machines, 
also intermediate dies in 
sixteenths. 


HORACE P. 





ROTARY. TYPE. 
Adopted by B British Admiralty, London County Council, Railway Companies and 
others throughout the Country and abroad. 


MARSHALL & GO., LEEDS. 
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FOUNDRY PLANT. 


‘‘Rapid” Cupolas, 


with or without receivers or drop bottoms. 





Roots’ Blowers, 


belt, steam-engine, or electro-motor driven. 


Charging Platforms, 
Hoists, and Ladles. 


ECONOMICAL RESULTS 
GUARANTEED. 











We are also Manufacturers of Steam Hammers, Smiths’ Hearths, Centrifugal Pumps and Fans, High-Speed Engines, 
and the ‘‘ Bradford” Patent Boiler Feed Pump. 


We are the original makers of ‘“ Rapid ” Cupolas as under Stewart’s Patent. We make this intimation as other 
makers are introducing this description, which had become established as a synonym of Stewart’s Cupolas. 


- CONTRACTORS TO HIS MAJESTY’S GOVERNMENT. 


THWAITES BROS., Lto., 


Vulcan tronworks, BRADFORD. 





La 
—— 





Telegrams— 
“THWAITES, BRADFORD.” 
Telephone— 
No. 325 BRADFORD. 


London Office: ’ 
96 & 98, Leadenhall Street, E.C. 








Catalogues on Application. 

















t _ LADLES" 
elegrams: mancuester 


. "“N°2297 
Telephone: central” 


MANCHESTER. 














Wg dé 


(Co. BRITANNI 
BLACKFRIARS, MANCHESTER. 











